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ABSTRACT 



This r. >v.umeriC reviews available Cechnlcal literature pertatntng to exit facility 
design and emergency escape-provisions of the National Fire Protection Asgocia- 
tldh's Life Safety Code (1976 Edition) In order to deterrnlhe the technical sup- 
port for Isuch provlstona. The report focuses on the time-based capabtltttes of 
building occupants to effect rapid evacuations^ in relation to evacuation tirae 
ayallablel during fires. A nvunber of functional crlt^ ^^_tela- 
tion to C6de provisions influencing the ^Mlgn of means of egress and fire pro- 
tection and protective signalling systeroa. for places of as8en;bly^ residential 

occupancies » j^rcantlle occupancies ,^ arid bus In occuparicleo^ ?*"9y^?^9D^ 

affecting fire exit drlli and building management practices are alao considered, 
the _ technical literature. bearing on applicable Code provisions Is reviewed^ the 
validity alrid generallzablllty of flridlrigs pr thfe l^-teratute are 



dlscusd'ed*» 
provls ions 



^and the degree of technical support currently available for egress 
of the Code are evaluated. In addition^ gaps in the technical., lltera- 



tufe are lderitlfled» arid recbmneridatloris regarding future research are offered. 
Finally, preliminary conclusions about the supportahility of Code provisions 
are ^preseiited. ^ 
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EXECUTIVE SUMMARY 



ii OVERVIEW • ^ ' * ^ 

- pis report reviews available teclinlcal 'research pertaining to the exit facility 
design and emergency escapeproylslons cjf the'Nattonat Fire Protection Assocla- 
tlon's fclfe ^afet^y^Xode (1976 Edition. Rereafter r^fi^rrpd to:«8 the Code ) , In 
order to determine the technical sapporc for such prbvlslbria. The central ^ 
foci of Che Irivestlgatlbn are the time-based capabtltcies of building otcuparits 
to effect rapid evacuactona. In relation to evacuation time available daring 
.fires. A number of fun^lonal criteria (e^giijiaxlraum travel distance, building 
configuration, reraotenea% of *lt8, and baHers to egress flow) are examined Iri 
relation, to Code provisions Inflaenclijg the design of means of egres^ and f tre 
protection and protective signalling systetas.for places of assembly, residen- 
tial occapancles. inercantlle bccUparicles, arid business occupancies. Provlslbrts. 
affecting fire exit drill and baltding raanagemerit practices are also considered, 

i.2 TECHNICAfc APPROACH " ' . 

To effectively treat this broad problem, the current report organizes todo 
provisibns and related Cechnieal discussions in relation to areas of pote^Tclal 
impact including provisions affecting: (1) pre-emergency training and prepai- 
atlon^Chapter 2 of the report), (2) the perception of the emerKericy environ- 
ment fend recognition of egreea facilities (Chapter 3). (3) egress strategy for- 
mat ion (Chapter 4) . (4) disciplined egress behavior arid crowd movement (Chapter 
5), (5) occupants' capabilities to safe^ and rapidly negotiate egress ways 
(Chapter 6), and (6) the capacity of mearis of jegress (Chapter 7). 

Within each chapter of the report, proyislons. of ^ the Code which have a cbmmori 
area of po|:eiitial impact, and humnn behavioral assuiaptioITs underlving these 
^provlsiona. are enumerated. The technlcal^Ute-vtture bearirig on theie prbvi^ 
sions and aBSuraptlOns is presented^ Including. references to applicable theories' 
and models, pertinent Mplrlcal data from published experiments and field 
studies, and where apprdpriate ^ anecdotal accounts of actual fire events.- The - ^ 
validity and generallzability of findings presented in the literature are di8-#' 
cussed, the degree of technical aupporc ciirreritly available for ogress pr^o-^ 

visions of the £ote Is evaluated . In addition, each chapter provides a sunmary 
of gaps in t^e technical literature, recbmmendlng specific areas for future 
research. Finally^ preliminary conclusionB regarding the sUpportahility of 
Code provtsloris in each Impact area areoffered. A summary -of the raalbr 
conclusions presented in the rep^C follbws. 
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2. SUMMARY OF MAJOR CQNCtOSieNS PRESENTED IN THE REPORT 

• 2ii A CAUTIONA_RY NOTE ' ' 

The tritentlbri of NBS researchers.ls not to pass jadgraent on the validity arid 
usefalnesB of Code provisions. Irideed^ where technical sbpport for Indtvldaal 
_ provisions i or more precisely haman behavioral assumptions underlying these 
provlslbris. Is either weak or unavailable, che aathors do not r^cofttierid elimi- 
nating or otherwise modifying these prbvisioas.^ In such instances, rather, the 
auchors suggest that code-writers approach the task of revision with caution^ 
and that further technical investtgatibni be coadocted; 

2.2 PRGVISIdNS Affecting PRE-K^gRGENCY TRAimKC-ANP prepakati^jn 

Behaviora^lassufflptlons underlying code provisions affecting pre-emergency 
^ training and preparation are evaluated by reference to psychological 'models of 
learning, experimental data reported in the psychological literature, and the 
growing body of evidence from pbst-lriclderit fire investigations. To date, 
experimental and post-incident Investigations provide mixed cbrtcluslons con- 
cerning thiesuppbrtabillty of thepe assumptions. Moreover, available evidence 
does not often permit direct inferences to be drawn bet*r^en research findings 
and the specific questions raised by code prov' .r^ng. Future mbdlf Icatlbns to 
provl3lons affecting pre-eraergericy tralnlngap; z^- to require additional 
research on the role of training and its relatlbri to eraer*<ency behavior. 

2-3 PRevISIONS^J \FFECTING ^ERCEmON OF THF EMERGENCr EWIROI^ Nt, AND 
RECOGNITION OF E^^RGENCY FACILITIES . 

^ ^°'^^"^^^?''^^9??^_^??"™P'^io^ about the perceptipn of emergsncy 

environments and the recognition of egress facilltlas underlie various provl- 
slons of the JAfe-Safety Code , These assumptions are evaluated by reference to 
several models of perception^ tb limited data from experiments op visibility, 
and to a small bpdyof evidence from post-incident fire Investigations • Tak^n ; 
as a whole, available data neither support nor refute behavioral asBumptions 
about occupants' emergency perceptions at a level technically sufficient to 
permit a thorough evaluation of pertinent Code provisions. Where data are 
available in sufficient quaritlty,hbweveri It has been suifeerted chat behavioral 
assumptions underlying alarm provisions bf the Cbdts^ tend riot to be supported. 
The Code provision specifying a maximum^ (10 second) switchover delay betweeri 
standard and emergency lighting, bri the o hand» tends to be supported by 
available teclinical data:. Initial emergency per^eptlbris are important ^ and 
?*^^^?:?9V^^?ioDs^^ip to rapid escape has been shown. Consequently, future 
research which leads to more effective perceptions bf the fire envlronmenr by 
victims is recommended. 

. 2. A PRQVISIONS AFFEGTING EGRESS STRATEGY ^mRMATI^N 

^^^""*Pt^^*^^ ?^9y? ^^y*^^^ prbcesslnn and drcisionpiaklnj^ 

behavior during fire . emergencies underlie several prbvlslbns bf the Life Safety 
Code. Such assumptloris are evaluatetl by reference to models of cognitive 

• behavior , well as to data frbm reftrit psychological riesearrh on way-finding 
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behavior I environmental cud processing, dlsasner response, and stress. Few 
directly relevant technical data Wfere found within the field of fire research 
itself. Taken as a whole^ available technical knowledge is not sufficient to 
warrant statements specifically supporting or refuting Code provisions which 
may influence egress strategy formation. However ^ the literature generally 
supports the hdtiori that che demands. of occupying a burriirigl>ulldirig require 
individuals to efficiently extract tnforractton from the fire environment, ^nd 
to formulate effective aad timely decisions aboat what to do» Depending upon 
the design and layout of a building, arid iipbri the riature of given fire condi- 
tions, these processes -^11 cdnsurae some proportion of the time within './hlch 
occupants must escape. Errors in judgment and decisionmaking will frequently 
consume everi more time. However, crucial gapt> in current knowledge about the 
time-based capabilities of building occupants to effect rapid emerj^ency escape 
continue to center about questions of emrfrgency^inf onnatlbii processing arid 
strategy formatiori. 

2 . 5 PROVISIONS AFFFCTING DISCIPLINED EGRKSS BEHAVIOR AND CROWD WVEMENT 

A number of human behavioral assumptions about crov^d movement and disciplined 
group behavior urid';rlie selected proyisibris of the ^ode . These assumptions ar<; 
evaluated by reference to several models of human collect ive behavior, datn 
from reyarch in 'ixperimental social psychology^ field research bri natural ^ 
disaste^, arid pes t- incident fire Investigations. In general , the technical 
literature suggest support only for those_assumptions pertaining to leadership 
and directibn^t«a king behavior. Behavioral assurcptibris pertalriliig tb the 
effects of occujant loading and physical obstacles upon orderly and rapid 
crowd movement appear, to be neither supported nor refuted by available techni- 
cal literature. Tb the extent that i^piedimerits tb crowd mbyement result In 
maladaptive collective behavior and panic, future research on the role of 
buiiding _ design in facllicatlng crowd movement seems an essential percursbr tb 
Cbde^ revlsiCMi. 

2.6 PROyiSIONS_ACCgMODATI^ OCCUPANTS' CAPABILITY TO SAFELY AND RAPIDLY 
WE HOTIATE EGRESS WAY S 

Hiimari hehavibral arsiiraptioris which uriderlie Code prbvlsibri^ relating to 
occupants' capability to safely and rapidly negotfate means of egress are eval- 
uated by reference to bipmechanical models of _ humarf movement , toxlcologl cal 
research, stair arid ramp use field studies , physiolbgicalraeasurerae 
anecdotal evidence from actual fire Incldeits'i At present, much of the evi- 
dence reported in the experimental and nonexperlraentaV literature on bccupants' 
capabilities presents contradictions and mixed opinions, and does not permlD»' 
specific conclusions or inferences to be drawn.. As a result^ there aj^pears to 
b<* rib analytical basis upbn which to uriequivbcally suppbrt br refute appllc«fcle 
Code provtstonsi It Is left for future research to determtne the specific 
domains (t.e.^ occupancies and fire scenarios) under which particular data ar« 
valid ai\d useful in this cbritext. 

/ 
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2-7 PROVISIONS GOVERNING Tffi CAPACITY OF MEANS OF EGRESS 



^ ^H^^!^_^^^^y?^^F§l_ underlying Code provisions which. <»overn 

the capacity of means of egr^sas are presented. These assumptions are evaluated 
i^^^^F^"^^ to' several models of pedestrian movement, data from laboratory and 
^^^^^J'*^^^*^® ^?^^yi:°^_^^^ conditions ^ and ■» 

observations of _8tBlr use during fire exit drills in high-rise office buildings. 
With regard to provisions affecting the design of doors ^available techni- 

cal literature support only t^ose assumptions coricerrilhg the deleterious effects 
of particularly severe constrictions or obstructions. However, behavioral ^ 
assumptlbris under^ gbyerhlhg the design of corridors ard stairs 

find' challenge within the technical literature. This Is especially true of 
provisions depending on t_He validity of assumptions about the linearity of 
?^Y^??D^_^"^ J^^^ 22 inch (0.56' m) unit width standard. Because 
there remain differences in reported data descrlblrigApedesttlan behavior bri 
stair and level surfaces, inconsistent definitions of important variables, and 

for measuring the performance of means of egress^ 
it is not now possible to either support or refute exlsitng provisions arid 

uriderlylrig behavioral assumptions on the basis of the available technical 
literature. The most Important objectives for future research bri the subject 
of the capacity of means of egress are: (1) the development arid valldatlbri bf 
^^^^^^^'^i^'^^.^^asures arid measuremerit methods , and (2)^the systematic analysis 
of complete egress systems, emphasizing transitibris betweeri raearis bf egress 
elements. 
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1. tNTKODUCTION 

A predominant fflotivatlng' factor behind America Burning (Natlbrial Commission on 
Fire Prevention and 'Control^ 1973) wais the potential for muittlatatlty fire 
tragedies In buildings^ Accordingly, a primary goal of the Home and Public 
Building Safety Program, of the United States Fire Administratibri is to ensure 
that up-^to^ate and feasible criteria are implemerited tc provide for life 
safety in public occupancy buildings, Includlnc raaltlfamily residential 
occupancies, places of assembly, mercantile occupancies, and business facili- 
ties^ _^he three, most bbvlcu5 alternative approaches to providing life safety 
frbm fite in buildings involve rapid emergency escape^ protection of occupants 
In place, and rescue. The study reported here fbcussea only bn' the problem of 
rapid emergency escape. ' 

Many baildlng code provisions influencing emergency escape have remained 
virtually unchanged since impbrtarit research was reported by the National 
Bureau of Standards (NBS) In 1935. In general, these provisions govern the 
design and capacity ofmeans of egress (or , egressways) , arid are based upon 
empirically derived relatibriships between pedestrian flow, egressway capacity, 
arid escape time. Since then, several of these relationships have been called 
into question. For example, it has become more widely believed that occupants 
usually do ribt move through stairways and other egress channels in regemerited 
fashion at constant speeds (although the computatibn bf egress way capacity 
often requires this assumptibri) , that f ire products can move into and thereby 
cbritamlriate exit stairwells not carefully designed to' prevent smoke iriflltra- 
tion, and that many buildings of substaritial sizk brpbpulatibricariribt be com- 
pletely evacuated rapidly. Moreover, researchers and life safety design pro- 
fessionals have learned that early warning devices ^ pre-emergericy trairiirig, and 
various social> psycholbgical arid orgarilzatibnal factors ea 
Impbrtarit— although not fully understood — role in rapid emergency egress. ^ 
Finally, it has also become more widely accepted cluring recerit years that fiiric- 
tional variations betweeribccupancy categories^ arid t 

people with varying escape capabilities, both affect emergency. readiness and tlie 
ability to evacuate buildings efflcieritly. Mariy of these prbblisras were firsts 
discussed by Stahl arid Archea (1977) of the Center for Building Technology, 
in their original assessment of the technical iiterature on emergency egress 
from buildings. Since that time, varibus issues have been expanded arid Inves- 
tigated by riumerbus other IriveGtlgatbrs at NBS and elsewhere^. 

i.l PROBLEM 

The principal lessons to be learned from research cbnducted duririg the lafit 10 
years on human respbrises tb fires are that individual design provisions, whicl) 



1 A substantial portion of the research on emergency cigress and human 
behavioral aspects bf life safety from fire is discussed later In this 
report. Consequeritly , Individual investigators are not 4l«^ed here. 
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usually embody professional engineering judgient and respansee to specific 
rff^n™!^f4^" (D^re not conslscencly appllcaSle under all conditions or 
clrcamstancea,. or (2) are not consistently sapportable by reference to the 
technical literature. Thus, analyses of means of egress design provisions 
k'hfOlLllls^tP"'"' 1979; Stahl and Archea.. if-) reveaf tLr^nderlyx^g 
r^i^ r !" expected to hold under a relatively broad 

^ "^^•^"'^ Chat empirical iupport for the validity of these ^ 
•rll^l S ."rw''^ difficult to Identify. The problems of Identifying 

a^^nHf technical literature and of applying it to the verification of current 
means of egree design provisions are key Issues addressed by the present study' 

1.2 OBJECTIVES AND SCOPE ' . J 

The primary objective of the present Investigation Is to assess ai^llable 
thrStL'^r^J"'"! ^° «f ^- ff-ili^7 design and emergency, escape .tlieria of 
the National Fire Protection Association's (NFPA) Life Safety Code 0076. Edi- 
tion, hereafter referred to as the Code). In orde r to determine the te'hnlcar 

i' 'T''"*"- ^"^'^^"^ KOHl Is to identify human 

•behavioral assumptions believed to anderlle egress and related provisions of 
the £ode. By gaining an understanding of occupant bfihavlor patterns imnllcic 
In compliance with v^arlous Code provisions . the project staff felt better abe 
SerSll^efabl'lo P^^^^f^^ "-e-^'the-art tecteJca^llta. ^^^d 

thereby better able to verify currently promulgated egress requirements. The 
purpose of these a^lvltles is to provide a technical foundlcton fros which 
sabstantlve mddlfl^tlons to egress provisions may ev^entually be maHe.2 in 
prep^rlng^ this repeat, the intention of NBS researchers is not to pass lud^ment 
on the validity of^he Code. Where technical support for given provlsloHs^s 
wlse^'oH^ff unavailable, the authora do not re'o^end efiminating or other- 

^ "°"^yi^g ^hese provisions. In such instances, rather, the authors sug^ 

code-writers approach their task with caution, and that further ^ 
technical investigations be conducted. ^ 



The central foci of the^lnvestlgatlpn are the time-based capablHtles of 
a^Lf hf rapid evacuations, in reliction to evacuation time 

available during fires. Numerous functional criteria 'were studied. IncludJn™ 
(a) maximum travel distance; (b) building configuration; (c) remoteness of '" 
Ss^ barriers to eg^e^^ railings, security devices, door- 

ways); (e) illumination of means of egress and of directional signs; (f) egrf^sf 
channel carrying capacity; (g) tija ability to totally ev^ K ^r-' egrfjsf 

terms of competition for available ^space , and In te^ris of 
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evacuate a bullHlnf;, in 
^sychJ^gl^aTfatl^gue!" ^«P«« • terms of physl.lcglcai .nd 



Such functional criteria are specifically treated wit 
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, Occupancies ; ChapCer 13, Business Occupancies; arid Chapter 17 , Operating Features 
(flpecif ically , provisions concerning fire exit drills and batlding nsaaagepent 
practices}* * • 

1.3 ORGAKiZAtlON OF THE REPORT 

Daring fhe coarse of the project an attempt^ was made Co posit a model of 
emergency escape behaviot^ and to functionally relate provisions of the Code to 
Such a model. Principal c6mp6rierits» of -this time-based model included: sensa- 
tion end perception of emergency esvlroixmental cues, iriterpretation of emergericy 
cuesi strategy formation and decisionmaking i action initiation, and action com-. 
pletiba (generally after models suggested elsewhere by Bickmani Edelraan and 
McDaniel, 1977; Staht, 1978a, 1979, 1980; and otJaers). However^ organizations 
based upon a time-based modei of human response were found lacapable of aacom- 
modatirig riumerbus important^cbde prbvlsioTis. Fbr example, provisions gb\cerriirig 
the management of fire exit drills, cr the carryiiig capacity of stairs, could 
not easily be addressed by reference to 8_mo^del of human perceptual and cogni- 
tive behavior. Morebver^ useful models bf Human* response to fi^es are neces- 
sarily dynamic: environmental cues are received and assessed not once at che 
outset bf an event but continuously; action strategies, are not rigidly adlfered 
to but change as events unfold and as new iriformatibri becomes available tb 
occupants. Indeed, the task of relating existing design provisions to emer- 
gency egress dynamics is one bf enormous complexity (especially since available 
models are largely hypothetical) and was judged to lie outside the ibiraediite ^ 
scope of* the study. 



Egress provisions and their underlying behavioral assfcaptions were, however, 
fbuhd to cluster with respect to mbr^ or less naturally occurring Categories 
within the Code , including prbyisibris: affecting p training and*^ ' 

preparation (Chapter 2 of the current report); affecting the perception of the 
^^^^6^n^y_^D^i^9^°^'^^^ ^ and recbgriitibri pf ^gjfess facilities (Chapter 3); affect- 
ing egress strategy formation (Chapter 4); affecting disciplined egress behavior 
and crowd movement (Chapter 5); accommodating, occupants • capabilities to safety 
and rapidly negotiate -gress ways (Chapter 6)l5^^ capacity bf means 

of egress (Chapter 7). In order to simplify thep^PMentitton of egress provi- 
,si«w, underlying behavioral issues^ and supporting \echnical mateiial^ 
therefore, the report is organized about these categc^^ies. 

Each of the six technical Chapters (Chapters 2 through 7) provides a complete 
analysis of a single class of Code provisions. These Chapters are brgariized 
as illustrated below with reference to Jiypothetical Chapter n: 

n.l APPLICABLE CODE PROVISIONS . * . " 

This section lists provisions bf the Code pertaining ijb the technical 
issue treated by the Chapter. - 

n.2 UNDERLYING BEHAVIQR AI^^^SSUHP^IONS ' - . • 

.— — — ' ~ — — - — • « 

Thiis fiectiori presents a set bf human behavibral assumptions Hyp'othesized 
to underlie Code prcvistonsi enoraerated in section n.H * 
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n;3 CQHKE^TAR^ ' 

h.3.1 Problem. A succinct descrlpt Ion of the, problem or class of problems 
addressed by applicable ^ovisibris of the Code * 

n.3.2 Uriderlyihg behavioral models, jtheorlesand models selected from the 
behavioral science (and other related) literature to provide a frame- 
work for understanding emergency events, and for guiding the ' d^velbpraerit 
of design sofutibns. 

n.3.3 Assessment of behavioral assumptions based on the technical literatifre. 

literature review; (2) discussion of strengths and weaknesses of the 
technical licerature. 



n.4 ^UMNAR^^F-CAPS^ IN THE TECHNICAL LITERATURE 

- This sectionreviews areas for fatare research, and summarizes the 
^ useCulriess of available studies in analyzing provisions of the Code . 

;:^.5 SUMMARY 

this aectioi^ provides an overall review of the Chapter, arid highlights 
specific cbAclusibhs. - 

1.4 TECHN ICAL APPROACH 

' ^ 

l.^.i Study Design and Task Organization 

The s tody was designed to analyze egress related design requirements of _ the > 
Code^ from the standpoint of occupants' abilities to^f-apldly escape buildings 

T^'^ g^al of the analysis was to determine the extent to which 
Co^g provisions inflaenctng the escape pbtent lal bf buildings can be technt^ 
^cally supported on the basis of state-of-the-art: knowledge of tinie-based human 
capabilities during fire emergencies. It was recognized. at the outset that in 
ra^ny cases the needed technical data are either riot available, or else i>icon- 
"^l"Slve, Therefbre^ another Importartt objective of the research desi'jn was tb 
?^P^^?^^ -^Y^^i^^^^^t ^ase, and to recoraiaend areas for 

"farther empirical investigation. The investigation repbrted here is a contlnu- 
^"^parisibn bf preliralnary work on human behavioral aspects of the Code 
funded by the NBS Center for Fire Research arid cbnducted by Loyola University 
-of ^Chicago (Rivers and Bickraan^ 1979). 

To effect the goals of the st^dy^ the follbwlrig taski 'were undert iken ; ^ l ) Thr 
CQd<^ was reviewed and- escape related provisions were identified. (?) Hunari 
behaviaral assuraptibris seen as pbtentialiy underlying egress provlsfons were 
,j^hypothesi?ed by the project staff. (3) An initial sei bf hypbthet 1 ( a_l beiiav- 
^^rai fj-ssumptibne was distributed among members of a peer review pahol fbr 
^^^^^^^^^^f^^^^i^D^.^^'^ ^^e basis bf this review, Initial hypotheses about 
behavioral assumptions were modified and refined. (4) A cbmprehensiye review 
<^_5^chriical literature pertaining to human behavior daring fires arid bthcir 
emergencies, and to other salient problems in the behavioral science:, was, 
cbriducLcti . ♦ ' * . 

BEST COPY AVAttME 



(5) Egress pro visions and related behavioral assumpcioris were organized Into 
logical categories, and the extent to which prbvisior.s arid assarapttons are . 
supported by evidence in the technical literature was assessed, the literature 
review arid peer review tasks are discussed in more detail below. 

1.4.2 Liter^Lure Review * . . 

Rivers and Blckman (1979)^ in their assessraerit of behavioral assumptions 
underlying Code provtBlonB, relied almbst entirely upon technical litieyreui^e on 
human behavior during fires. Referring to the riewriessof this field:jOf stpdy 
and to varioui methddblbgical shdrtcdralngB, these investigators cautioned that . 

irideed few cbncluBive Inferences could be dravm from available data in^Chls 

impoverished area. Ongoing objectives of the currerit^nvestigators io discuss- 
ing behavioral aspects of egress provisions, therefore, have been to d^aw upon 
salient theoretical concepts fromivarious areas of the behavioral sciences, and 
to cite pertinent empirical data from the ribrif ire related psycholoM^ 
literature, iri brder to amke inferences about probable behavior in ftf es . 

1.4.3 Behavioral Assumptibris Peer Review Procedure 

The pr^tept sought to determine the degree tb which emergency exiting 
provisi^S of the Cod^ ma/ be supported by reference to state-of-the-art 

fcribwlertgMbout the time-based escape capabilities of building bccuparits. 

Implicit fn this goal is the nbtion that "hidderi" expectations, or assumptions, 
about human behavior during fire emergencies, and about the abili^iies of occu- 
pants to perform as expected, underlie many design provisions. Tri the current 
context behavioral assumptibris refer to those patterns of occupant response 
that a building designer or code of ficiai^t might reasonably assume wilt bcpu^, 
(implicitly or explicitly) under prescribed desigri cbriditions, in the event of 
a fire. For example, if ari "EXIT" sign of particular characteristics is speci- 
fied, the designer or code official may be thought to assume that, in general: 
(1) daring fires many occupants iri fact Ibbkfbr and use "EXIT" signs, am\ (2) 
the specified desigri characteristics Influence the utiHzation of such signs Iri 
sbme positive fa8hij)n. 

Tb evalute Code- provisions on the basis of human capabilities, cherefbre, seemed 
to require a thorough identification and assessment of underlyipg behavioral 
assumptions. It became appare.it tb the project staffs moreover, that evaluatln^r 
the technical support for behavioral assumptions believed to iinderpin individual 
provisions or seCs of provisions , yielded the most direct and effecrtve means of 
evaluating behattioral aspects of Code provisions themselves. 

As indicated earlier, the project staff hypothesized a set of a'ssomptions it 
believed uriderlie selected provisions of the Code . Tb avoid^the liklihood that 
these asBomptions reflecte^only the. biases and exoerierice of the project staff, 
to ascertain that the Code Itself was not being mtsanderstood , and to elicit, 
useful ideas from other life safety professionals, a peer review prbcedure was 
developed. This procedure involvfed distributirig a sppcially des^f;ned revt«iw 
package among more than 20 prbfessibrials^ in governments industry, and academla. 
'^he review package displayed all provisHTjns of the Code Included Iri the studv. 
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along with various hypothesized behavioral assaraptions pertaining to each^; 
Respondents were ini^riicted to review the sets of provisions and assumptions^ 
^9^^"? any c^^^if? »_99*"^^??^9n?»_ additions , or new Ideas. Statements of 
behavioral: assumptions appearing later in this report reflect the recommenda- 
tions of the peer reviow p^riel* Members of the panel are listed in Appendix, A; 
instructions distributed with peer review packages are provided in Appendix tj. 

This report addresses the time-based capabilities of- building occupants to 
effect rapid emergency escape during fire situations, arid in particular, docu- 
ments the availability of technical support for egress* related provisions of 
the NFPA Code (1976 edition). These provisions werq noted to cluster with 
respect to six distinct categories, arid each category is treated wlthiri a 
separate chapter of the report; 



/ 



/ 



3 In some Instances, several assumptions were listed for a single provision. 
In other cases, a single assumption pertained to a set of provisions. 
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2* PROVISIONS AfFECTENG PRE-~EMERGENCY TRAINING AND PREPARATION 
2.1 APPLICABLE-CODE PROVISIONS' 

" 47fi^^:^_t^^ Every required exit access and exit discharge shall be continaooiiy 
maintained free all obstructions or impediments to full instant use in the 
case of fire or other emergency^ i 

_ _ r _: 

17-1. 4>1 Fire exit drills conforming to the prbvisibhs of this chapter of the 
Code shall be regularly ^con'ducted in occupancies where specified by the prbvi- 

^^is c^apter^ or* bV appropriate action of the/ enforcing authority 
having j arisdictioa, but witn any necessary raodif icatibris in detail of proce- 
dures to make the drills most effective for their intended pu^-pose in any 
individual building. 

^7"iy^*2 Fire exit drills, where required by" the authority having jurisdictibri 
shall .be held with sufficient frequency to familarize all occupents with the 
^driri procedure and to have the conduct of the drill a matter of established 
routine. ^ 

.4.3 Drills shall include suitable procedures to make sure that ail persons 
in the buildings or all persons subject to the drill, actuatiy participate. 

17.1.4.4 firills shall be held at unexpected times and under varying cbhdltibhs 
tb simulate the unusual conditions obtaining in case of fire. 

2.2 UNDERLYINQ^EtlAVldRAL ASSUMPTIONS 

2.2.1 Assumptions Relating to' the Ability to Predict Occupant Respbhses Durini^ 
Real Fires 

; (i) the likelihood that people will panic, behave maladapCively arid increase 
the risk tb themselves and others is a clear and constant threat (17-1.4)5, 

- v''/ : 

(2) During Fire emergencies, people are often confused or lack disiplirie, arid 
^^^^^_?®y^'^5y^'^'^_^^^g*^hy time periods for evacuation; properly conducted fire* 
exit drills result in more orderly and disciplined behavibr-^- during real emer^ 
gehcies, and thereby help to reduce needed evacuation time (17-1*4)* 

(3) Disciplined and orderly behavior daring fire emergericles are rabre important 
than t:he actual speed with which people evacuate themselves (17-1.4*4). 



^ Numbers refer to provisions of the NFPA Life Sa^eXty-C ode, 1976 Edition. 

^ ^^^^'^^ refer to Code prbvisioris enumerated in the previous section of th±s 
chapter. ^ 
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2; 2; 2 Assumptions Rflatlrig to t+ie Transfer, of Respbiises Learned During drills 
to ylptual Fire Situations , * ; 

(1) People are rudre likely to exit rapidly, and are^ less likely to pjnic or 
respond maradapt ively during actual fires ^ when fire exit drills ^re ^practiced 
frequently (17-1.4). * 

*(^) People respond appropriately aiid effectively during real fires when they ^ 
have participated in properly conducted fire exit drills (17-1.4). 

• (3.) Effective emergency behavior becpnies 'habituateft through frequent 
participation in properly conducted fire exit drills (17-1.4.2). 



(4) Occupant ' 8 responses during particular emergencies will be niost rapid and 
effective if drill tralaing accurately simulates a variety of potential fire 
sclnarios (17-1.4.6). ^ ^ 

2;2i3 Assumptions Relating to Occupants' Attitudes About T)ri\ls , 



?f occupants do riot take drill participatlbri seribusly* they may riot 
behave effectively dai;±ng actual fire emergencies (17-1.4.4). 

(2) Some iridividuals may not take drill procedures seriously if otKer persons 
are excus^l from participation (17-1 ;4; 5); 

2.2,4 Assumptions Relating to the Accommddatlbn of Trairiirig Procedures to the 
Diversity of Potential Fire Scenarios 

(1) Occupants will be better prepared by fire exit drills and similar trairilrip 
in occupancies in which controlled discipline is '^reseat (as in schools or 
hospitals) (17-1.4). 

(2) Behaviors learned and ^>racti^ed during drills destgaed for one type of 
occupancy may riot be effective iri' eraergericies iri by*«T' bccuparicies (17-1.4.1). 

2.3 COMMENTARY A 



2.3.1 problem 

Code provisions affecting pre-emergency training gnd pregaratlbri are irtterided 
to prepare people for actual emergencies^ reduce the probability of maladaptive : 
behavior during fires, arid Iricrease the likelihood of effective egress Sr move- 
inent to refuge areas. The general notion underlying many of these prbvislbris " 
is that behavior, pattern? learned during training situations transfer to actual 

F9^^°^^^gy^f°"^ ^^1^ suppbsltibri , behavioral assutnptlbris under Tying 
these provisions address four principal areas, of concern: (l}*the ability tb 
predict occupant responses during actual fire emergencies; (5) the, relevance and 
transferability of respbnseslearried during fire exit drills tb actual firs sit* 
uatioHs;^ (3) occupants' attitudes toward the value of ftre exit drills ari^ other 
fbrras <>f pre-emergericy trairiing and preparation; (4) the ability of fire exit 
drill procedures and niariageraerit tb predict arid accbmmcdate the diversity of 
potential fire scenarios in various occupancies. Several established models. 



Of hu.an le:^ilog.^ltHln th.:behavloral sciences Of ''"S^^^^^ 
the role of training tnpfomotlng adapClvc emergency behavior, 
models are considered below. ^ 

2.3,2 Underlying Behavioral Models , 

t^ree'approach.s t. learning which useful Insights ^J^^^^^^ °' 

pi-e-eSergency training are the loscrumental ^^f'^^^J^^'^p^^^eir T^e nost 
, Approach the social le.rnln, ^^-^^^::^^^os<:^.. T^i^ 
basic and best knowp of these is th^ 

approach assumep that, with ^^""-^f^ ., „ 5 Hartlcutsr behavioral response, 

between a. specific envlrbhrnentat -tgu us and v^hich 

It Is thli itrehgthenlng to whtch^the term learning rerers in . 
cbhdltlbn'tng. ^ « * 

Is. con^icCtoK bU«» and riipo„S« 1. «.K.«<1 by dl.=o„tlnul„„ 

reinforcement. . 

oSoLlHg ?r«re distinguished. Moreover. n«ttvatlonal factors, such^as 
. JhJ^i^logfcal needs. anx ety. a«d fear Play ^ ^^^^^ ^U^^lkk^.s 

■ ^? iH^^'l'If'anxiltf or feaf O^Sa;^ ^^^^ " 

haSe dfff cJ llsl aLl«g'Sew and"IpproT,?lat. beha.lors ^ith which to deal 
HHve airiicTixci. , ^HtfoAl wavs of responding, under the pressure of 
with the emergency. performed and could resuli In Inappro- 

(:lLlgard and Bower., 1966) • 
' the Second iaAeot? of behivlor.l a.i-."P"bnS sddKli.es 'he Siieita""^ 
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designed to result in rapid egress_frora the. s^pol _bnilding. Reward for 
?l^999??^^?- _P^^^9T™^P?9 during drills may take ^^e * form i^f praise from the 
teacher, early dismissal from class, etci Ceneratixation also is ittastr^ted 
in the school exit drill. Should the_alarm_ bell malfunction on one occasion^- 
f9? 9'^??P^9i^^_^^^9^^? '?_9^^1 is likely to elicit the appropriate 

: sequence because the alarm bell and the teacher's call share the same meaning 
for students. From an instrumental conditioning viewpoint, t1ie overall objec-^ 
tive of exit drill training is to establish behavior sequences which lead to 
rapid and orderly evacuation. It is generally assumed that if such patterns 
can be established through a program of exit drills^ then the learned behaviors 
will transfer to actual fire events in schools and other dccupancies so long as 
the different settings share conditions associated with the learned activity. 



Another "category of behavioral assumptions considers the ability of fire exit 
drill planners and emergency managers to predict_and _ accommodate the diversity 
of potential scenarios in various occupancies. The Instrumental cbriditibriihg. 
approach for example^ suggests that if persons are trained on^. to behave in 
a particular inanner within a given buildihgj t Hey may respond anaptively during 
fires in that building Cor within Y9ry_?^-"i?-§?^ ^**^-l^^"^?i_9"?:y» P5_^^9_9^^9*" 
hand, this approach suggests that training can also be specially designed to 
permit the generalization of learning to other building types, or alarm .modes , 
-«i\d other fire 8ce''.aribs. 

V - -_ - _ _ - - _- - _ _ _ - 

Social learning approaches to understanding behavior are often built on 
instrumental conditioning concepts. Social learning approaches emphasize the 

grole_that other persons play, as_ individuals or groups^ as sources of reward 
or of punishment. These approaches are predicated on the assumption that as 
social animals, humans depend on others for help ±n achieving rewarding goals 
and- in avoiding punishing ones* Jherefore^ what others say and do can influ- 
ence art individual's behavior. That is, people are effective sources of reward 
and punishment for one^anotheri These concepts are often used by social psy- 

^chologists tc explain the relations among indiyiduals_aiid th<v operation of 
groups (see Shaw;/ arid Cost ahzb, 19^ chapters 2-4). Thus, pebple learn tb 
follow an instruction from a person la authority because of the rewards that 
compliance may bring and to avoid the punishments _ or costs of noncompliance. 
The rewards ( arid cbsts) cbme ft bin bbth the aiithbrity ariJ frbra the achieyenierit 
(or nonachiea(«iff5!«j of desired goals. With regard to group ef f ects, ^gi^ups^ 
offer iriterJctidri vJlth other members arid aid in raeetirig shared goals that can 
be sourcea^f rewards and costs. The rewarding effects of group merahershlp ' 
make one Inember a source of satisfaction to other memheri ^ make the .group 
attractive^ arid ericbiirage members tb remain in the group (Shaw arid Cdstarizb, 
1970, chapter 4). 

Imitative learnirig is another impbrtarit feature of sbcial learriirig (McT^iighliri, 
1971). By observing other people, indlviduais learn both how and when to 
respond. Imitative behavior may be directly rewarded by <)ther persons ^ who 
approve of how a given iridivldual has responded. It tiiaV also be rewarded 
vicJiriously , as when an individual observes the rewards or costs another per Si>n 
received for a giveri respdrise. Iraitatidri has also been referred to as ob8er\?S*- 
tional learning and modeling. It applies to the learning of emotional 
responses and motor behavior^ both of which are important elements in f^f^l 
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emergency situations. Some explaffatldns ofobservatlprial learning are hasdd 
ihstrumerital cbnditlbrilrig prlnclplcjs (e .g pewlrtz and St Ingle, 1968),..,^^ 
explained dbservatlbrial learning In terms of verbal and visual skills, and thf» 
performance of such lesponses in terms, of instrumental cpridltlbriihg arid inbtiva^ 
tional factbrs (e.g. Bandura, 1965). Thus, If a parson Is seftri to he rewarded 
for an action, the observer ts more likely- to perform this action than if the 
person was punished for that actlbn. Studleo suggest that people tend to ; 
imitate bthers who cbritrbl resources (l.e; have power)", such as people hi^h in 
status or in positions of authority. . 

Sbcial learning principles apply to the transfer of responses l^Srned dG^'^wg^ 
drills to actual fire sitaattons. if the individual has been rewarded. fpr fire 
.drill performance as part bf a grbiip^ arid if tbe iridlvldual wlsjies tb nialritairi 
the rewards (e.g., praise, esteem) that come from group membership , then during 
other drills or an actual emergency the parson is illceiy to do what has been 
taught. This behavior is e\^ri Ipbre likely if bthers are also doing what they 
have beer^ taught* This is :because doing whf»t others are doing is an acttvicy 
tbat CQutd lead to escape (wliich is rewarding) , and which is rewarded for 
helf>trig the grbup by ,ribt jjerfbrralrig^ disruptive (e.g;, maladaptive)" actions for 
others (McLaughlin, 1971). .; i 

Sbcial learriirig principles also apply to the ways in which at iflCudo^ towa^ 
drills are learned; A learning-theory approach to social behavior developed 
by Homaris (1961) considers the rble of dlatrlbutlve justice iri this cbritext. 
Simply stated pebpliB expect a fair exchange in their dealings with other indl-xi 
vidaals. The more a person puts into a given sb^iai Interaction ( referred _to 

as the costs of Iriteract Ibri) ^ the more "the fridivldUal expects tb get out bf 

the ttansactibn (referred to as , the rewards ot interaction). Thus, if all tho^ 
pecple asiced to participate in a fire exit drill are called away from ari acti- 
vity perceived tb be mbre preferable thari the drill, the drill Is likely to 
represent asxbst. If one person dyes not attend the drill, those who do attend 
by coraparisoosi may have incurred proportionately greater costs. Accbrdlrig tb 
Hbmans ( 1961 ) persbris who are dltfadyantaged In an exchange will become angry. 
This effort can be reflected as disinterest in future drills ("why should _I 
attend if others don't?"). _ It cduld also bevrefl^cted iri anger toward those 
responsible for erifbrcirig drill atterij^arice br torard thbse individuals who 
would not attend; 

Pre--emergericy trairilrig based upon soclal^^^arnlng concepts might take advancage 
of rglattonshipB between occiipants - and le»aders or legitimate authority figures^ 
and would emphasize. the trainirig bf these leaders. Such leaders* brice tralried,y 
cbuld serve as mbdels fbr bbservatib.val learning of emergency egress procodurey 
among other techniques for instruction. The availability of such individuals 
andthe llkelihbbd that apprbjjriate relatlbriships will exist within a given / 
building, depends considerably upon the nature of the^ccapancy- Tlie proper / 
personnel, and conditions may exist with an elementary schbbl br riurslrig hbrae ,/ 
for example, but ribt within an apartment building, hbtel, or shopping mall. 



In contrast with coridltiorilng cbricepts arid sbcial learriirig apprbriches (whlcJi 
are alsb rooted in cbnditloriing principles) i the cognitive approaches to / 
learning tend to undeiplay the role of condlt toning ^ specific stlmulus-responsft 
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connections^ and phystoiogically-baeed motives < Instead^ they emphasize types 
of learning that result in an iridividualVo unders.taridirig of social arid envirori- 
merital events (Shaw and Cqstanzo, 1970, c|iapter 7). Tolman, a major learning 
theorist, conducted research suggesting that people learn about their eriyirohj-^ 
raeht through repeated exposure to (i.e., familiarization with) It, even In tHe 
absence of explicit reward systetas (HUgard and Bowe^^ 1966)i 

Much more recently the cognitive approach has been applied to understanding £lie 
^ ways peoplie learn to understand and negotiate. the architectural environment 
Ctttelsbn^ Proshanskyi Riylini and Wirikel^ 1974^ chapters 5 and 5:^ Ey&ris, 
Fe^loys, Zorri,: arid Doty, 1980). _ In this view, the process of learning Is fre- 

■' qaently linked vith human information procesning which invblyes : (I) percep- 
tion and information gathering; (2) mediation or "filtering" of er.vlrbnme^ 
stimuli stimuli in accordknce with a person's goals and traits; (3) allocation 
and retention of environmental informatipn in short- and long-term memory; (4) 
formulation and implemeritatibri of specific action strategie^^ required by 
current environmental events, (5) evaluation of actions against goals, these 
cognitive activities form and reform mental images ^ or "cognitive maps" of 
enviranroerital situatibris^ within people's minds. As people are^r^^ 
respond to specific events, they test their cognitive maps against the reality 
-of th& event. As more experience with a particular class of events is gairied, 
individuals* cbgriitive maps mbre accurately reflect reality arid provide better 
^pteparatiori for adaptive behavior, teaming, then, is viewed within cogn It Ivi? 

" theory as the <levelopraent of _ processes by which irifbrraatibh is assimilated , 
processed arid utilized, arid by which the 6nvironraerit is effectively accommo- 
dated. Training programs based on this view frequently stress the need to 
expos^ individuals. to relevant sets of experiences, arid tb match these expeii- 
erices tb-iridividuals* level of develbpmerit . Children, or adults with develop- 

„ mental disabilities, for example, may. e::tract considerably^ less (or different) 
inforraatign from a given erivirbrimerital everit (whether ari actual fire eraexgency 
br a drill simulatibri) than might average adults. 

Cbridi'tiorilrig principles were applied J^th reference to asSu^ regarding 
the expectation that fire exit drills prepare occupants for emergency egresa 
during a_ real f ire .__ However ^ certain occupancies, such as health cat i arid 
. custodial bare facilities, may require a cognitive approach. Such facilities 
preBent ctrcarastances marked by mobility or cognitive impairments of occu; ^nts^ 
and by the presence of a cadre of supervisbry persbririel. ^^n^^er these cbridl- 
tibris, emergency training often Includes lectures, films and other methods of 
senstti.zing staff personnel in addition tb practice perfbnnance during fire 
exit drills (Blckman, Herz, K^elmari, arid Rivers^ 1979).^ 

in schbbls, pre-^raergency training In health care institutions 3eejiis to follow 
the cognitive approach to learning, which emphasizes the devel bpm<»nt bt skills 
intended tb prbmbte effective declsibrimakirig in response to and un:>re- 

dictable events. For example, the decision as Co whether patients should first 
be evacuated or doors should first be closed requires st^ff persbririel tb formu- 
late ari actibri strategy bri the basis of^heir current evaluations of specific 
conditions. Thus, training for this type of occupancy may stress the accoiunb- 
dation. of emergency procedures Lb the demands of unpredictable fire situations. 
As with coriditibriirig, it is assumed with the cognitive approaches to training 
that lessons learned daring drills or from films will transfer apprbprlate 
response patterns to actual fire crises. 
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Cognitive ^teaming models are also useful in understandlnj^ the role of 
participants* attitudes toward, tralriihg. These models stress the Importance of 
Individuals * experiences^ levels of dev , goals^ motivations , valaCB , 

and beliefs. Thus, a cognitive api>roach to pre-eraer:?ency_ training might attempt 
to changeindividuals* own notlvatlons^ attitudes^ and beliefs about fires and 
the need for training. In addition 'to training specific responses; ^ 

Pre-emergency training based oh a cognitive approach to learning may also lead 
to both situation-spectf tc and generalized training proj^rams; Programs may be 
specifically designed to reflect. potential scenarios within a given building 
type, arid to take irito account the capabilities of a of occu- 
pants; Or programs may be designed to eqotp people with furtdamental life 

safety knowledge useful durlrig almost ariy fire sceriarib in almost any building 
type. 

- ^ . - - . - - - - - - 

Iri sunraary, humari behavioral .assumptlbris believed to underlie i^Iode provisloriS 
affecting pre-:emergency pri*paratton and training are discussed In relation to 
three general models of human leaming. While each model present^ a somev/hat 
different explanation ofXearnlng processes^ each one seems use In under- 
standing the problems associated with fire emergency training, and in evaluat- 
ing behavioral assumptloris believed to underlie applicable provisions of the 
Code, The next section of this chapter discusses the behavioral assumptions 
1^ relation to data presented in the technical literature. 

2.3.3 Assespment of Behavioral Assumptions Based on the Technical Literature 

Liter a4:ur<^ review . Afsumptloris stated In section P?D^S_^®_^ 
likely response to a fire emergency and that there is a need to prevent panic 
behavior during fire eraergericies. Before presenting argumerits supportlrig these 
assumptions based on the technical literature, It Is Important to discuss panic 
as a psychological concept. 

Although many Irivesttgatots have addressed the topic of panic, the terra "panic" 
lacks a clear^ widely accepted technical definition. There are at least two 
views about what panic mearis. The more cbmmbri view stresses the Irratlbrial 
roots of, and maladaptive responses to panic; This view Is endorsed by Melineic 
and Baldwin (1975), Janls and Mann ( 1977 ) PM Hips 51978)^ and Schultz (1967). 
A secbrid i far less^cbmmon vlew^ stresses 

panic. In this yti^V panic is an adaptive bat thoroui3;hly self-serving attempt 
to gairi a desired persbrial butcbme (1 .e . ^ escape) even at the cbst of sacrifi- 
cing others to the existing, oncoming dari[^er or threat (Bursteln, 1969). This 
view is consistent. with research on_panic by Brown (1965), Mlntz (1951), and 
Kelley, Cbritry^ Dalhke, arid Hill (1965). Iri either case, these views sugj^est 
that if there is panic,' it is more likely that there will t>e unncessary victims 
than if there is no panic. 

Arguments supporting the assumptions about panic are based primarily upon 
post-incident accounts bf actual fires, and find additional basis Iri the 
experimental literature bri panic behavior. For example, the 1903 Irogtiols 
Theater fire is frequently cited as a case in which irrational panic behavlojr 
(including simply remaining In one*s seat throughout the flr^s) is believed tb 



13 



have claimed some 602 lives » although Che building Itself was not completely V 
destroyed. Galbreath (1969) related the probability of panic (which he did not 

^?*^?vioral terms) to available egress capacity in a building. He 
suggested that panic may occur in buildings where stair enclosures have been 
designed to accpinmbdate 50 percent of the population of ^ given floor, as was 
reconaaended by NfiS (1935). 

~ ~ " " " " I 'S^'' " 

?el^tio"8*^ip8 betweeir-occupahts* perceptions of theic own safety, the amount of 
time available for Sffe escape, and the likelihood of panic behavior have been 
s^ressedby several researchers. Meltnek and Baldwin (1?75) suggested that 

minute waiting, period , people are likely to_panic^ and engage tn 
maiadaHftve, ineffective behavior. Janis al. (1965)^ 

and Phillips (i9783_«ali have emphasized the importance of actual or perceived 
^^™^^'^_?*^^_P^'9^^bility of panic be An exarainatipn of Janis and Mann's 

(1977) argument may suggest why time plays a critical role in creating panic. 
Accbrdirig to these investigators , panic arises when time ^i§^ perceived as 
^n?"?^^^^'^!^^.^?? fAD^iDi P^ ysihg a means of escape from a serious^ oncoming 
threat. In such instances, people tend to deal ineffectively with available 
/i^f'^rmatibh, and their thbughts frantically focus on_ too. narrow a range of 
alternativesi Wrapped^iri thought , these pegple are likely tb further under- \^ 
estimate available time. In this regard, studies have found that there is a 
s decrease in_ the perceived duration bf an event when judgments of time intervals 
^^^J^^^^ while people are performing tasks which draw atteritibri away from the 
passage bf time (Dember aiid Warm, 1979). This potentially vicious cyclists 
^J^^^^? ^^_?:?^^'^'^_?^^i9D? whicU are cbuhterprbductive and maladaptive^ unless 
environmental conditions improve; 

The importance of leadership and supervision in prbdu adaptive responses 
.during fire emergencies was discussed in section 2i3,2i Experiments conducted 
f^^ ^^^^.C'^D^^al* Intelligence Agency (Kleins 1976)_ found that orderly discipline 
chanoeled through a hierarchical organizational plan was essential tb success- 
ful egress. Schultz ( i967)_ concluded from his experiments that dependent per- 

^e^porid maladaptively tb life threats. whep leadershi^^or super- 
vision is absent. Reporting on the tragic Andraua^ Building fire in Sab Pualb , 
Brazil, Willey (1972^) noted that a rescue helicopter was almost- destroyed by a 
P®"^^'^^5?_^*!9?^_9'^ _?*19 ^yiV^i^t's roof, A second helicopter landed successfully ^ 
when firefighters were first lowered to Che rooftop to control the crowd, clear 
a landing area, and assure those waiting that they would be rescued; 

the concepts of leadership and social control can be put into a larger 
v P^i^spective, and one consistent, with social learning (particularly modeling) 
^'^^"^^P^^^* experimentally examined panic behavior^ 

found that if volunteers faced with a serious personal Hhreat learned that sbnie 
9?_^*^9iF peers were Hilling tb wait their^ turn in a queue in order to escape, 
and if these peers had experience with es'cape arid w^ trustworthy sburces bf 
guidance^ then successful escape was likely and the probability of panic 
^?9*^?.^®9^* _J^989_ Results ^ the importance of social control, and of 

the disciplined. response to a threat^ on successful emergency escape. These 
firidirigs alsb suggest that tHereis potential uncertainty about how others will 
_^eact to an oncoming threat : Will they res a self-serving way^ or take 

"^heir turn in a queue? If other individuals make clear their iriteritibris tb - 
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behave In a disciplined fashion ^ then this may serve to reduce uncertainty and 
thereby reduce the likelihood of panic. _ 

A number of investigators ^ however^ have' argued against panic as a real and ^ 
likely threat. Pau2,s (1979), for example, has contend^ 

popular opinion^ panic responses. are rare even where people pexce^^ved the situ- 

P^^f D^^^^^^-y.^^ actually dangerous. In a study of fixes ifTTieSith 
care institutiona , Habjpr (1977) found no incidents of panic-like behavior; \ 
Wood (1972)j in hla investigation of nearly 1^000 fire8:noted that only about 
5 percent of all persons Interviewed claimed to have e In behavior Judged 

to_increase personal risk. In recent studies modeled after Wood's work, Bryan 
(1977) also found little eyldehce to support the ribtlori that panic laa fre- 
quent occurrencei Best (1978), Canter, Breaisx, and ,Sime (1978), arid Swartz,_ 
(1979) alab presented evidence to support the view that panic Is infrequent. 

Assumptions enumerated In section 2i2il not only stress the Importance of panic 
as a problem, but also suggest that the threat of panic may be reduced through 
fire exit drill training. No direct evidence of this relationship was found In 
the technical literature. However, Bryan's (1977) post-hoc studies of actual 
fipes suggest that pre-eraergency training In thQ form of exit driils dld. pro- 
duce jmore tdlsclpllned egress behavior. Also^ ??j:^^y 0965), in their 
expeyiments on panic. behavior ^ Indicated that conditions such as drills, which 
lead people to be self-corifld ent in their bell of th£^t they wi 1^ success fu 1 ly 
escape, can deci^ase the extent of panic beh^ivlor. ^j^. 

T^^_S^D^??^ Sy^??4oD^of whether behavior pattern's learned during drills ancT^ 
other forms of pre-emergency preparation transfer* to actual emergency condl- 
tlbhs was addressed by the assumptions enumerated in section 2.2.2. this 
question Ims been discussed In detail by a riumber of Irivestlgatbrs , arid Iri ' l. 
addition^ rMearchers_ also have often stressed the Importaace of exit drill 
&equericy. ^br exMple, revl^ Beverly Hills Supper Club flre^ 

Best (1978) sii tiarly argued that the lack of fir^ ^*"^??^y^y_t?^^DiD?_^®_?_ 
majbr cause bf death and injury. However, there. remains no direct experimen- 
tal evidence of a trans of tralrilrig from driris tb perfbrmarice durlrig actual 
building fire emergencies i 



Rivers and Blckman (1979) analyzed selected prbvisl^ the T>lfe Safety Cbde 

(i976 edition).^ pointing out that once a particular sequence of emergency 
respbrisei has beeri learried. It must be practiced. Accbrding__tb Bird and Oock- 
ing (1949), participation In exit drills^ however, is most likely tb occur iri 
buildings with a single ^.consistent occupancy. Moreover^ to be predictive of 
responses durlrig actual fires, fire exit drills must simulate actual' eraerg^'ncy 
conditions as closely as possible (Rivers, 1978). This ridtibn is sUppbrted by 
Garner and Blethrbw (1970) ^ who_conducted experiments simulating emergency 
^OD*^^?!:?^?.^^ ^^™"'^^^^^^ ^4^craf t . They argued that simulatibris apprQ^xlmatlng 
real emergencies could tn fact be conducted, and that such slmuratlbris shbuld 
prepare participants (e.g. aircraft crew personnel) to respond^ effectively in 

f^?^^ 9? other catastrophe. (Observations drawn frbm 
Brycn's numerou*s post-hoc fire invest igpt tons suggest a similar cbnclusibri. ^ If 
actual emergericy conditions are likely to be unique^ thenio avoid the possible 
confoundlisg (interfering) effectia bf liriique aspects bf a fire emergency bn 
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Vperformance during fire Hrllls, simulated tire sceSiri^i, ctme of day, exit 
route blocking, etc. i should be varied during drill exercises. This idea is 
supported by the experiments of Posner and Keele (1968) bri the value of hi^h- 
varie^y learning. in minimizing the effects of interfering events on task ' 
performance. 

In Such -oqcypancies as nursing homes arid hbspitilSi staff (in contrast to 
patient) drills are critical. In a review of two Peririsylvarila hospital fires* 
for example, tathwp ( 1978) credits friquent staff drill, aa the mbst slprilfl- 
cant^reason^ for^sucscessful patient eyacuatibris. Moreovirj Instances 3f maltl- 
ple fatalities due tb fires in health care factlttleB often have been Attri- 
buted to^the fact that these emergencies occurred during night time or early 
morning hours, when the smallest number of stiff personnel wire present. 



Other arguments appear In the literature, hbwever, which question the 
relationship between exit drill training and performance Huririg actual fires. 
In tbelr^report on a fire at the National Institute of Health MarBlng Home. 
Bryan and DiNenno ( 1979) suggested that the frequericy of exit drills may have 
led to the belief by building occupants that the fire alarm signaled aribthir 
drill, and not a real fire. Accbrdlrig to Bryin and DiNenno, sbme occupants, 
apparently tired of drills .-Ignored the alarm sigriiil arid delayed the Inltla- 
tton of emergency prbcedures. Rivers and Blckman (1979) raised the point that 
people vary in their capabilities, arid that what may be an effective practice 
exercise for one person may not be effective for ariother. Thus* the frequency 
of practice of a particular: type of drill cannSt , in and of Itself, guarantee 
that adequate learning has taken place, br that adequate performance will take 
place during ari actual fire emergency- 



In^summaryi researchers' conclusibns arid bplrilbris bri the significance of exit 
drill frequency and on the design of particalar training prbgraSs differ- Rore- 
r^^i. ''^^^^.^''?^*" universally accepted opinion regarding 'the degree 

to which exit drills prepare baltdtng occUparits tb respond Effectively during 



actual fifes. 



Sectlbn 2.2.3 enumerated asaumpttons relating tb bccuparits' attltud 
fire exit drills, arid the effects of such attitud 



es toward 




BlNenno (I979>^ indicated that inaladafvtive respbrises 5ay have resulted from the 
inconsistent participation of personnel ±n exit drill procedures. 

Section 2.2.4 contains assumptions coiicerrilrig the accbmodStlbn of training 
procedures tb sUlt diverse occupancy conditions. Experlffierits disc-issed earlier 
by Schultz^ Klein, and Kelley et ai . all suggist that effective emergericy 
response requires a social organization possejslrig leadership and discipline. 
Clearly, however, not all occupancies are characterized by brganlzatlbrial 
structures which possess these qu^ltles. Moreover^ few technical data appear 
In the literature (e.g, Lathrop, p78) deBcrlblng bccUparit perfonnance durinp 
fire drills or actual fires in whfch disciplined, confident leadership was ' 



present. 
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ConveUCibrial^wlfldbra currently holds chat programs for pre-eraergency cralnln,'' 

^9 the special, requiremerite of various 

occuparicleSi and. this is_ reflected in the Code , Evidence supports this assump-r 
Tg.^^^^P^^* P^otile^ associated with evacuating handicapped persons in 
^ an Aoc^^j^ble period of time have been reported (Baldwin, Melinek^' and Appletoni'; 
1976). Additional evidence has been reported by che Federal Aviation Adrainis-' 
tratton in connection with the evacuation of handicapped persons.! rora commer- 
cial aircraft (Blethrow, Garner, towrey. Busby, end ■ Chandler , 1977). Nev^rthe- 
• evidence was found which documents the extent to which handici[pped, 

incapacitated, or elderly persons avoid particip^ in drills!^ or which indi- 

cates specific consequences of their failure to participate. Thus, not only is 

technical data available addressing the conventional wisdom on drills 
with special user groups but no tests of emergency training programs have been 
conducted across, various building occapanclesi 



In summary, researchers hold a variety of positions bri the relationship between 
^riil behavior and responses to real fires, on the significance of drill fre- 

» "^^^ ^J^?^?" 9 training programs. .Moreover , there 

appear tpbe no universally accepted conclusions regarding- the degree to which 
: exit drills actually prepare building occupants for potential life threats. 

- "__ _ _" __ ' _- 

St^erigths and weaknesses oj the techlcal Itterata'rfer Many of the behavibral 
assumptions ciriderlying Code provisions affecting pre-energency preparatlo.r^d 

training deal with the notion of panic. The terra -panic" lacks a wldelje 

accepted technical definition. For exaraple, returning to a burning building to 

P^^^??? called panic by an observer, while 

,though to be an acceptable risk based qn well-planned behavior by the indl^vid^ 
aal perfbrrairig these action. If pattic is defined to reault In mass flight or 
behavior which increases risk, then it Is riot surprising that Pauls, Bryan, 
and others noted so few exarat>les. In the absence of a cbmnibri technical defirii^ 
^^^^ ^^^Pfni^respbrise^ reliable cbriclusibns regarding either the predict- 
ability on occurrence of this response will be extremely difficult to obtain. 

^^^^^'^^D^^^^^^^^^'^i^^ stressful events conducted by Schultz (1967), 

Kelley et al. (1965) and Klein (1976> were all cbriducted under controlled lab- 
oratory xionditions. These investigators obtained slrallar results under varyiii^ 
experimental condltibris, arid this supports their conclusioni regarding condi- 
tions under which panic is. likely and regarding the rieed for supervision and 
.disciplirie. However, since important characteristics of actual life threats, 
such as fire eraergencie8,canribt be simulated in the laboratory, it is diffi- 
cult to infer real-world emergency behavior frbin these studies. 

The assertion that panic behavior is irifrequerit is supported by^experiraental 
fln.Iings, anecdotal accounts, and by observations reported' during post-hoc 
Interviews with fire victims and eyewitnesses. As the body of data from such 
post--hoc case sta.lles grpws, reliable statem^^ the nature and fre- 

quency of the so-'valled panic response may be possible.^ This Rfbcess should be 
further aided by i\cr>royemerits in post-incident surveying ^nd eyewitness Inter- 
viewing technique (toftas, 1980). ^ 
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The Itceracure addressing relationships between fire drill performance and 
hehavlQ^i during actual esergeric primarily nonexpertiaental. This I Itera- 

Eure presents, t^o Important dlfftcaltles for the analyst. First, although the 
frequency of exll drills is often discussed, drlli frequency has not be°n 
t^eated^s an jndgp^nde.nt variable In research design and data analysis. Sec- 
bf ^H^rsP^^ specifically measured the potential long-term effects 

bf drill partlqlpattonas-^dependent variable. .Hence, while it Is possible 
H^n 21 ^-^ Iff^^^P t<^contlfcae speculating about the Sagnltude and dtrec- 
h^h-V?J^ f"'^^'^^-'"^^" •^'^^^^ performance; drill frequency, and emergency 

behavior, conclusions cannot now be Bubstahtlated. Kency 



xngs ana, earner and Blc throw-* (1976) evacuations from simulated plane wtecks 
provide noteworthy data., These iHviitlga tors learned , by analy^lrtg dueIt!oS ' 
nalres retur^ed^ after t^e events, ,l.at a number of partlcloantf appeared t^ 
fn^ rsl .^''^^^^ll^ '° ^he real thing." Fer these persons, at least, creat- 
bbfervl °' ^-^^^tual Alfe threat Say have: provided opportunities to 

wh^th f^.Pfjf^™^"" under actual conditions. It may be useful to test 

whether these Individuals are better prepared during some future emergency than ^ 
are those: who believed thg-anil to be an artificial exercise. 

The paucity of reiearch on participants' sttttud'es toward 'fire exit Hrllls, and 
on t^e^need to accomodate training to ipeclflc occupancies raakes It difficult 
to; evaluate the strengths and weaknesses «if-lndivldual studies at present. 
Several fnvestlgatbrs have Suggested hypo^^^s regarding these Issuei, but 
these rea^ln to be evaluated. Specif Ic dlrec^%s for further research bri 
pre-«mergency training and preparation are dlsci^ed Ih Section 2.4. 

2.4. SUMMARY OF GAPS IN THE TECTOICAL LITERATtmS 

2.4.1 Research on the PredlctldJVf Ocscupints* Responses During Reall Fires 

: _- _ _ _ ^ . ■. ' ; < ^ /. 

Contrasting opinions appear to fia>^e emetged concerning the assumptions Siat ' 
so-called panic behavior Is a clear and constant threat, and that the danger of 
panic can be mlnlml^ed through^ef f ectlye pre-emergcncy training.. Although 
experimental data exist which support these asSumptloL^a growing body of evl- 
Sever^l l"port«n?"^« ?lte Investigations^ t^ey are ^of Weli founded, 

several Important. Issues, however, have not beeit adequately treated In -Ither 
of^ISc' adoption of a standard deflnlfKn 

L^t U identification of environmental and situational cues and stimuli 
wftlch affect the likelihood of Psnlc (3) identification of perSptual an! 
tlon^ paiVlc (e.g. time and dlstance-tSre^t pLeJ- 

I /'u f «^^'^«'^a"<'i"K t?Se processes by which leadership and the channeling 
of tasks and responsibilities reduces the llkellftbod of pinlcj (5) speclflca- " 
tlonof the relationship between pre^eiergency training and the occurrence of 
panic; (6) specif Icatlon . of the relationship betwein the likelihood of panic 
ana Ch^^ature of the occupancy. 
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2,A.2 Research on the Transfer of Training 

Assafflpnlons chat beha^i9r learned during drills transfers to actual 

situations remain to be empirically tested. While thts problem presents com- 
plex mfthofol^^^ difficaltiesje.g., neither trained nor untrained subjects 
can be randomly assigned to buildings which are later purpos^^ 
use of rigorous drill cvalu*tibri methods and the atandardization of jt raining 
procedures (as noted by Rivers and BiclSan, 1979) may provide elementary cqri- 
trojs which improve the. reliability and validity of data from post-incident 
ihveatigatibhs. Carefully designed field experiments, involving appro^>riate 
safeguards for, haraan participanta , may ultimately be required to determine thp 
extent to which transfer of emergency traitiirig occurs. Pauls* (19^4) observa- 
tions of evaciiatlbri drills In high-rise buildings^ in which a number of parti- 
cipanCS believed actual emergencies were Jn progress i provide a useful model 
for the design of such experiments. ' 

2;4.3 Research on Occupants* Attitudes toward Exit prills 

The objectives of fatare research on the role of bccupants^c attitudes will be 
•to: (1) determine correlations between attitudes toward <irill participation, 
perfb nuance during drills, and in rar erases, performance during actual (or 
least perceived) emergencies; (2) determine ways by which adaptive behavior 
patterns can be effected through abtitude change. Attitudes tow 
of pre-emergency training. are complex phenomena, partly because theyresult _ 
from Interactidns between a person's history of experiences, physical c#pahil- 
itiesi emotional and mptlvatiqhal predisp^^^ 

example, while a healthy adalt who has never experienced a building fire may 

consider exit drills to be necessary and inifPjrtarit , this piersqn m^^ dis- 

tressed to find other people Joking arid taking drills le^j seriously. A hand- 
icapped person working in a Kigh-rise office building however, may view serious 

participation by all during a!h exit drUl as the difference between life and 

death in the event of a real flrei Unf ortanateiy, the psychological literature 
^fl^the relationship between attitudes and behavior^ and pntheT Pot^^tlal for 
•effecting behavior change thrqugh attitude change provides no sbund basis for 
specific cbriclusibris In the area of life safety. 

2.4.4 Research on the Accbrambdatiori of Training Programs to Specific Occupancy 
Requirements 

Assumptibhs suggesting that exit drills and training programs be designed to 
' recognize differences between various occupancies may be relatively easy to 
test.empirically. For example , studies ^bdaled after PaulsV drill observations 
and Rertz et al's. anaiysis of training methods could be extended to permit 
analytical caparisons between building types i modes of bccupahcy and types of ^ 
organizational structure, after varibus trairiing procedures have been introduced. * 

2.5 SOWARY ^ . ^ 

Behavioral assumptions underlying. Code prbylslbns affecting pre-emergericy 
training and pireparatibn inay be evaluated by reference tb psy models 
bf learning, experimehtal data reported in the psychological literature, and 

■ - •• • ■••19 . ■ ^ ■ 
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the growing body of evidence from poSt-lhcldenC fire Investigations. To date, 
experimental and post-Incident Investigations provide mixed conclusions con- * 
cernlng the sapportablllty of these assumptions. Moreover -Jivallable evidence ! 
does not often permit direct .Inferences to be drawn between research findings ! 
and the specigic Issues Implied by code provisions. Future modifications to I 
provisions affecting pre-emergehcy training appear to Squire additional 
research on the role of training and Its relation to emergency behavior. 
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3; PROVISIONS /EFFECTING THE PERCEPTIOK> OF THE EJffiRGENeY ENVIRONMENT AND THE 
REeOGNltlbN OF EGRESS FAClLlTIESl^ y 

3.1 ABPLICABtE-CODR PROVISIONS 



^ .^^.^1 ^2 Ever^ door and every principal enCrance which is required Co serve 
as an exit shall be so designed and constructed that the way of exit travel is 

obvious and direct. Windows which because of their physical configuration or 

design and the materials used in theiir construction could be mistaken for doors 
shall be made inaccessible to thia occupants by barriers or railings conforming 
to the requirements of 5-2 .2. 3. 

S'Smlmi Ways of exit access and the doors tq exits to which they lead shall be 
so designed and arranged as to be clearly r^ognlzable.^^te 9?_???P^?^^^ 
shall hot be placed over exit doors or othe^ise so located as to conceal or 
obscure any exit. Mirrors shall not be plwed 'on exit doors. Mirrors shall 
not be placed in or adjacent to any exit la-such a manner as to confuse the 
direction of exit* 



.4^ ^3 The floor of means of Bgfess shall be illuminated at all points 
tflcladitig angles and intersections of corridors and passagewaysiStairways^, 
landings of stairs > and exit doors to values of not less than I.O fobt-caridle 
measured at the flbbir. 

5-9.1.2 Where maihtenarice of illumiriatibh depends upon changing from one 



'energy isburce to another, there shall be no appreciable interruption of illu- 
mination during the changeover. ' Where emergency lighting is provided by a 
prime mover-operated electric generatbr, a delay of hbt more than 10 seconds 
shall be permitted. ; 

5-10.^1-^2 Access tb exits shall be marked by readily visible signs in all cases 
where the exit or way to reach it is not immediately visible to the occupants ^ 
and in any case where required by the applicable- provisions of Chapters 8 ^ 
thirbugh 16 fbr individual occupancies^ 
J _ _ _ _ _ _ 

g^lQ. 1.3, Every required sigh designatilfe ah exit br way of exit access shall 
be so located and of such size, distinctive color, and design as to be readily 
visible and shall provide contrast with decprationsj Interior finishi or other 
sighs . No decora tibhs-* f urhish^ngSj or Equipment which impair visibility of an 
exit sign shall be permitted, nor shall there be any brightly illuoiinated sign 
(for other than exit purppoes)^ display^ or object ih or hear the line of 
vision tb the required exit sigh of sucih a characterL.as Co so detract attention 
from the exit signw 



5-10^3 lllu^natibri of S^gfis, Every sign shall be suitably illaratnated by a 
reliable light source giving. a value of notlerfs thanS foot-candlcs on the 
lllumihated surface. , Such illumihatibh shallbe cbntinubus^^^ reguired under 
the provisions of Section 5-8, Illataination of Means of Egress, and where 
emergency lighting facilities are required^ exit sighs shall be illumlhated 
frbm the same source. 
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5-10,4. i . i A sign reading •'"SXlt," or similar designation , with an ;arrow f 
indicating the dlirectlbh, shall be placed In every Ipcatlbh where' the direction ' 
of travel to reach the nearest exit is net immediately, appa 



5-10^^ Escalators Moving Walks. A sigh complying with 5-10.2 indicating 
the direction of the nearest approved exit shall be placed at the point of 
entrance tp any escalator or moving walk that is not in a means 6f egress.' ' 



j^lOr4«2«j^ Any door, passage, or staic^y which Is neither an exit nbir a way 
of exit access^ and which Is so located pr arranged as to be likely to be;mi8- 
taKen for an exft-^ be Identified by a sigh reading '^OT A^ EXIT-;^ or siml- 
designation or shall be identified by a sign indicatlf% its actual chkracter^ 
such as "TO BASEMENT^" "STOREROOM^- "J.INEN CLOSET" or the like^ ' : 

_-_ _ _ r ♦ . 1 __ 1 ._. ^ ^ 

^''3.4.1 Audible alsnn indicating devices shall be of suck charac^ilr and so 
^^J'?^?^^**?^^*^^^ be effectively heard above the maximum tiblse level obtained 
under normal condittons of occupancy. 

^•^^•^ Audible alarm indlcatibn shall pirbtiuce slghali which are dlstlnctfvc 
from audil^le signaling indicating 4<svlces used for oth<^r puri^bses lit the jaarae 
area. y . 



^"•3*4.3 Audible fire alarm devils as retired by Chapters 8 through 16 other 
than voice cbtnmuhlcatlbri shall be used only fbr fire alarm system purposes. 

6^3 .4 Visual alarm indicating devices may be used in iiea of audible devices, 
where permitte.d by Chapters 8 thrbugh 16. 

6"-3.4 .5 Where a protective signaling system is. required for purpose of 
^y^?y\^^?:9*^i ?l^^^i l^^_^9_i^s tailed as tb prbvide effective warning of fire 
in any part of the building; 

_ - __ _ _ _ _' _ _ 

^^^^P^A^L_ .^^l^^^'^A^ ^^f^^^ (A) iire walls into s^^rate fi_re_ 

sections or (2^ bg other means ^iti a<fe^aate safBg^anfs against the sprearl of 
fire or smoke from "^^^ section to another r each section may he considered a 
separate build inqm 

11-3^2, Any apartment , building with 26 br more living' units shall have 
emergency lighting in accordance with 5-9; 



3.2 UNDERLYING BEHAVIORAL ASSPMPTIONS 

3i2ii Assomptlons Rt'lating to the Effect of Ddbf arid Wihdpw Design Upbh 
Egress Route Perception 

(1) Occupants' perceptions of the obviousness ^d: jtl ijjfctrieps of the way bf- 
exit travel may be irifluenced by the design of doors and entrances; the design 
of these elements may, affect egress time (5-2.1.1.1.2). / 
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(2) -While seeking^ identifying, or using an egress way, occdpants^m^ mistake 
some improperly designed windows for doors, and thereby delay egress 
(5-2.Ul.U2). 

(3) Occupants* perception ot prpper egresa route elements can be enhanced by 
providing physicai^ barriers to windows when these are not elements of exit ways i 
Preventing the use of incorrect building elements daring f ireaincreases the 
likelihood that egress ways wlii'be quickly recognized and effectively used 
(5-2.i.UU2). . ^ , . 

(4) To facilitate rapid perception and recbghitibh of egres^ facilities, 

occupants require unobscured visual access to ways of exit ac^ or 
wall hangings on, oyer, Or adjacent to doors leading to means of egreas may 
Obscare the means of egress and/or otherwise cbhfiixse occupants » arid thereby 
lead to excessive evacuatt^h time . (5-5.2.2) . 

3.2.2 Assumptions Relating to the Affect of Illum^atibri Level Upon "Egress 
r Rou^G Ideritif icatibri , ^ 

(1) Esc^ing occupants require the uriifbrra lllumiriatibft of egress w^ 
surfaces. One fbbt-caridle, measured at thei-fioor,' is sufficient for emergency 
egress (5-8.U3). 

(2) Ocfltpants* recognition of egress facilities requires the continuous 

iliutnin^tion of various. architectural and safety elements. Delays In the 

actuatibn bf emergency lighting facilities greater than 10 seconds nay reduce 
egress flow an4 Jeopardize safe pedestrian Sbveraent (5-Q.U2). 

{3X In multifamily residential buildings which require occupants to negotiate 
corridors en r^iite to exits (as distinct from buildings which permit all 
pants to exit directly tb^the outside), emergency lighting will facilitate 
evacuation and reduce egress time (il-3.2ildil). 



3.2.3 Assumptions Relating to the Role of Visual Signage and Directional 

Infonnatton in Egress Route Recognition and the Formation of Emergency 
Egress Strategies 



(1) Daring fire emergencies occupants require visual access to exits br egress 
ways in order, to achieve timely emergency egress. Where direct visual access 
Is-hbt possible, directional signa will achieve the same result (5-i0.1.2; 
5-lb.A.l.l; S-10.A.U2). : ' 

(2) Occupants will be able to see directional signs in spaces infiltrated by ' 
smoke (5-ldiU2; 5-10.1.3). 

(3) ' Cfccupatlts are more likely fto see and use directional and ^xit marking sighs 
when such signs are properly illuminated (5-10.3). t 

(4) Signs denoting that a door or pathway does not lead to an exit are 
sufficient to keep occupants along Ihteridad: egress ways, arid are effective in 
reducing bverall egress time ( 5-10^4.2. 1) i 
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.3.2i4 ABSumpttonB Relating to the Ability of Audible and Vtsaal Alarm signals 
to Effectively Alert Building OccUpahts to a Fire Threat 

'^^l^ J^'^^P^^'^^ '^^^J^^^^^ alert of an actual fire danger from 

audible and. visual alarm devices, and will take lnmedlate and effective action 
upon hearing or Seeing ah alert signal (6-3.4.1 through 6-3.4.5). 

(2) Occupahts^ricilve sufficient Inforaatlon from ala™ devices tx> ehiHle them 
to^formulate effective response strategies in a timajy manner (6-3.4.1 through 



3.3 COMMENTARY 



3.3.1 Prdblem 



/ 



In some instances^ the design and inplefflenCaCibn of emergency egress facllltlftS 
fo^rbaildlngs may directly affect occupants* perceptions of Che emergency 
environment and their recognition arid consequent use of egress facilities. In 
.general, provisions of the Code are intended to provide occupants with readily 
identifiable egress jchaririels, facilitate rapid and accurate escape route deter-- 
mination^ and confirm occupants • overall awareness and understanding o5 a fir^ 
emergency situation. These goals are based on the notiori that the physical 
features of buildings arid of certain fire safety system components can be 
designed to influence stimuias and cue detectibri^ situation definition^ and 
egress srrategy formation in some positive manner, by buildirig occupants. 

Behavioral assumptions uhde^ly.tng Code provlsloria occupants' 
percepciori of t^e emergency, environment and their recognition of egress facili- 
ties^focus on four principal iss^^^^ of door and window design 

on the perception of egress routes; (2) the effects of lighting level on the 
recognition and perception of escape routes; (3) the degree to which occupants 
depend^ upon visual signage and directional information while foriatiig and 
executing egress strategies; the ability of . visual arid' audible alert Signals 

to stimulate r?pld situation defihltidn and effective response sCratfiOT 
format ion. * . 

Models of iperception which provide useful insight t6 the role of ftre safety 
systems and building components in the emergency perce'pt ion process are dis- 
cussed below. Eater iri this chapter the models and supporting research 
findings are considered in relation to behavioral assumptions believed to 
underlie -Code provisions affecting occupants* percept ibri of the emergency , 
environment and recogriitleri of egress facilities. _ ' i 

3.3.2 Uriderlyirig Behavioral Models 

Jhree models of perception offer perspectivjS on the prbcess of egress 
facility identification. These are percep^^^ field theory (also called 
Qestalt Psychology), environmerital information processing theory, and signal 
detection theory.. Following a descriptibri of each i^del, its implication for 
one or more of the categories of assumptions enumerated in sectibri 3.2 will 
be presented. 
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Perhaps the most widely know^ of these perceptual field t^i^pry, which 
focases opon the configuration , or brganizatidn of sensory event8_(Deraber and. 
Warm, 19795. According tb/perceptual field theory, individuals perceive real 
world stimuli as patterns/set within '•fields or backgrounds. Accordingly, 
objects are always viewed^ against a background which may provide varying 
degrees of contour^ cbhtiast and boundary to the figure The nature of the 
background is thoughts detemiine the clarity and distinctiyeness with which 
a figure ot object cany/oe perceived. Pigure-grbuhd segregation , considered 
to be bne of the^ mbst y^rimitive aspects of perceptual organization.. is not 
limited to visual phenomena bat ±e apt)licable to other seosbry mpdalities as 
'vell.^ In audition^ ior example ^ a melody may be perceived as a **figure" 
against a "grourid" of harinbhy. 



Smpirical researct/based upon perceptual field theory gendra^^ 
physical objects , /and the en^ itself ^ can only belundarstood in terms 

of how they -appear** to the , observer ^ rather than in tennS of their ac 
(or objective) physical com^bsitionr decent reaearch in retinal organiza- 
tion, for example suggests that after stimulation, sensorv receptbrs in the 
eye initiate an encoding process which requires some mediating mechanism to 
decode the infbrmatibn before a response can be o^f ered (Ratlif f , :1972) . 
What is -perceived- is thus thought to be a S3rhthesis bf -serisbry data as 
mediated by past experience^ cbghitive atyle,^ expect at idtij and other factors. 

The perceived image rajiy not correspond precisely tb the p^te$i bf 
environmental data ejicoded by retinal stimulation. For erampye, color ^^1^ 
frequently used f or J^ontras^tn exit signage because of i|d ja|tentipn-gettlng 
capabilities (Dember and Warm, 19795. However, the tradi5jyjn|l. c^^^ 
or green, as bppbsed to other cblbrs may lie less in the ph5^||^,^t ^ 
these cblors than in their apparent brightness. A green ext^ l^gflt fixture 
is knownto appear brighter than a blue one bf equal physical iitterisityi 

Perceptual field theory haa implications for the first and third categories' 
of assomptions in section 3.2. the first category bf human behavijiral 
assumptions concerns Cbde prbyisibns fot the design of doors an^ 
egress routes, and generally presupposes some relationship betweeS dbbr and 
window design and egress route perception, Field taebry suggests that color 
and form are critical factors affecting figure--ground 'diacrimination a In an 
bffice setting, for example , in which corridors are bbuaded by glazed panels 
of equal size, shape and colors valuable escape time may be lost if doorw^y^; - 
(which may br may hbt lead to a means of egress) consist of panels equxvaleftt 
to fixed wall panels. Similarly,, dboro which reflect the cblbr, texture or 
design of surrounding wall^ sutf aces may alsb be difficult to ^iscern qaicklyw 
These instances point to the need to mcke elements of egress routes visually 
distinct from nonegress elements."- ' * 

The third category of assaraptions congerns Code prbvisions. for signage and 
directional information. In general ^ behavioral assuraptions^underlying these 
provisions hbld that safe and rapid evacuation from public occupancy buildings 
depends in some way upon the proper use of ^irectibnal information displayed 
on signs, the importance bf cbhtrast and cbritbut. to easy^and rapid^^ 
tibn perception is cbrisidered by field theory. To maxlratze the effectiveness 
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of egress directibnal signs iaccordlngly^ these stpns ousc be designed end 

?9 i^fo'^^ticri lettered on chera is clearly discinguiehabie from 

background sarfaces under various lighci^^ so chat entire signs: 

are clearly distinguishable from walls or other surfaces to which they are 
- flpplifd. Contrast and contour in visual Imager/ is perhaps even' more criticat 
in connection with plctbgraphlc , or syinbollc directional signs now under con- 
sideration by |:he NFPA and other, standards vnriting bodies (see Collins arid 
• terner, 1980). 

?^yi"g its. basis In perceptual field theory, the environnsental Information 
P^*'^^®®*"f ^^^?^Fy 9^_P^?^^?^^9*** ^ mechanism which processes sCirauSus 

inpu:: by means of sequences of operations occurriag in stages. Thfse stages 
Irivolve the encoding^ storage > decoding and tranblation of infonnA'tlon from the 

•_ 'ipori the= perception or the envir^n- 

meat by passive individuals, environmental Information processirig theory sug- 
gests that observers be viewed as active participants in settings "tittelson, 

* * J^^J^lr _^?_P?^??P?"?^ _^?P^9*"^?i*^" of ^ set ting by any peripn uses all 
of the' sensory systems through which the environment and the iridlvidual transact. 

P^o^ltie far mote Irif onaatlon -than can 
possibly be processed by a given Individual on a particular occasion. Such con- 
^?^^i9D?_9f _ *'i"fp"^^tl6n overibad have been shown to produce Jncrea8e<' levels 
of stress and of maladaptive behavior. To^eai with iriformatlbri bverlbadj_ the 
Individual uses criteria in order to select from available Inforraatlori, These 
f^j^^^^A^n 9^i^9^ia_are determlried by the person's own goalci e?;pectations , and 
needs may be afffected by the individual's beliefs about l^a prbbabllltlei of 
various events and of their outcomes. 

^ i . 

^Jhen cues from the environment contradict a persci's expectations arid beliefs, 
^^'^ i^'^i^i'^i^^i often muet fbrmulate some "best bet" response (Branswtk, 1956). 
For example, a brlnf fire iri the World Trade Ceriter in New Ybrk City produced 
srabke which was carrlc-d through the building's air-handllnf system. Although 
^^^^ f^:^^ ?^?_^^?i"ti*i^hed almost Immediately and the public .address system 
properly directed occupants tq remain In place, the sight, of smbke appears to 
have caused many occupants to^^gaore the verbal announcement; As a result, 
floors 9 through 22 wer e ey ac^&ted (Glass and Rubins 1979). In this case, one 
stimulus (the verbal me^jPl^e) contradicted another, perceptually clearer 
source bf Irifbrniatibn (seeing actual smoke). In tfie absence of le^s ambiguous 

» ^9_i'i'^?_9f_?^§ iDf9r™§tibri actually available (the smoke 
itself), the "best bet** response appears to have been to evacuate the affected 
floors. Thus, perception seems to function, as an integral ei^cnt of the 

' P*'^^'^?®^^y I9gi^ from the 

environment thereby reducing the degree of uncertainty w5.th which ari iridivld'ual 
negotiateB h given setting. 

Krivirbnmerital information processing theory has implications for the secbril, 
third, and fourth categories of assiimptibhs In sectibh 3.2. 

'H^G secbrid categbry bf assjmptions concerns Cede provisions addressing the level 
J^^"^^^ ^^^^*^^9?^i^n*_ environmental information processing 

theory, the selection of erivironm-ntal data for subsequent? d^cisiorimakirig is 
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a cbiisclbus task which npt only depends upon the nature of the_cue6 themselves, 
bat also depends on the needs; goals, expectations and previous experiences of 
the participant. For example* it is quite ^ommonfor an individual to fee) 
uneasy upon entering a ^a^^^ned stairway or corridor. It yis riot necessary for 
the person to_have actually had the experience of trtppt^ in the dark, or of 
being ,**mugged** In the past; most people have become well aware of such pbten-^ 
tial nazards through learning of other iridividuals' e?tperlerice8. Accordingly, 
people sufficiently uneasy about. entering dark passageways may. slnpi^r-not use 
them, until or unless the prevailing life threat is Judged to be the more 
serioQs risk, . y/ -^^^ 

The third category of assumptions coricerna.- ,C0<ie provisibris fblr signage arid 

directional Informution. Knvlronmentai information processing theory suggests 
that individuals consciously select Information from the environment In accor-- 
dance with their unique goals dnd expectations* Thus, to the extent that 
directional signs are identifiable ^ legible, unambiguous; and consistent with 
occupants' expecta[tibri8 , ihlFormatibri contained on them will be effectively 
Incorporated wlthih individaals' egress strategies. Ambiguous or Inconsistent 
in forma tion_may^ however, also be assimilated ^ and it may result i;n inappropri- 
wfete or ineffective legress mpvMen t^ In addi tlori to occupants ' goals , expecta- 
■ ttons and previous ^experiences , stress has also beem found to affect the rate 
of response to infpraatibn provided by slgn^., SmlllU^e (1978)^ for example, 
fbiirid that resjF)brigeabtift^^ wy.re faster for plctbgraphlc signs (c,g«, shapes arid 
figures) than for vlrbal signals when stress was introduced as a variable. 
This finding Is clearly relevant to the fire emergency problem. 



The fourth category of behavioral assumptions deals with Code provisions for 
alarm signals. Drie problem Is the potential f or "cbmpetl tlori** betwe^r) alarm 
signals and other features of the physical arid social erivirbrimerits among which 
an individual's attention may be divided. Environmental information processing 
♦theory provides some basis for uriderstaridirig this pheri6meriori. Thla model posits 
mechanisms which permit people to deal with a cbntiriual roelarige bf pbteritially 
redundant ^ ambiguous , conflict ing_ or _ contradictory information. These mechan- 
isms provide data riecessary for the iriterpretatibn bf settings and everits, and 
to the formulation of action strategies. According to the envlronmetttal infor- 
mation processing models individuals cope with information overload by purpose- 
fully 8electlng_thb8e aspects bf the environment which are Judged tb be rele- 
vant to their immediate goals^ needs or expectations . tThere environmental 
^^^9™*^tlbri is unambigubus arid Judged tb be cbrisisterit with one's expectations ^ 
competition among various pieces of information will be relatively low and the 
indiyidu&l is likely to attend tb__tho8e environmental data most useful, in 

tain Irig immediate objectives. Where erivirbrimerital irifbrraatibri is £^biguous br 
contradictory^ however, |t will be difficult for the individual to determine 
which data arc most relevarit. Coriscjquently ^ the persori's attentlori will he 
distributed among the various data sources. Iri especially complex or arobigubus 
settings^ this division of attention is likely to result in reduced attention 
tb each Irifbrmatibri sburce. 

While rapid egressls certainly an essential goal for building occupants during 
a fire emergency, for example^ it may well ribt be their only objective. Where • 
occupants mast divide thet attention among alarm signals or specific vocal 
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egress instruct tons and. say. other persons they perceive to be endangered. 
nl«sir f™ ^u^"*^ instruction content Say be significantly dimi- 

nished. Similarly, the competition between vocai InstrucClons and thi contra- 
^Ictory^slght^of ^actual smoke could result In thise Instruction? being vlr- 
taally_ Ignored by many building occupants (as occurred In^-FJew York's World 
irade Center); ' 

• - - ' _ -y '\ 

The theory of signal detection Is a major recent Innovation In thinkings about 

in which Information is processed in psychophysical studies. These 
studies have focused on the quantitative relations .betlreen changes in pfiysical 
stimulaclpn and^cbncbmitant- changes in reported aspscts of sensory experience 
(Dember .nd Warm. 1979)., Early psychophysical research posited the conc^ptbf 

threshold .which requires that before a given stimulus can be perctfived_by 
an organism Chat stimulus must have attained a certain physical interiaity. The 
threshold notion implies two posslbXe states: a detection state tn which the 
stimulus or signal Is present and above the threshold intensity, and a nonde- 
tectlon state tn which the stimulus, is either absent or below the threshold 
intensity. Signal detection theory diverges from this two-state notion. By 
postulating a raultlstate approach, it entirely avoids the threshold concept. 
According to the theory of signal detection, every perceptual event contains 
some degree of Interference or "tiolse". This noise may eralnate from a number 
of possible sources Including personal and environmental sources, the concept 
of noise implies that the starting point for perception Is a greater-than-zero 
i ^""^ "^^^ ''^^ '° detected must always be distin- 

guished from the oackgrbund noise. Signal detection, then. Is a process 
through Vhlch the stimulus of Interest can be reliably and repeatedly distin- 
guished from the background stlmali. so long as the percelver has the needed 
sensory^capacity. For signal detictlon to occur. It ts. believed that a crlte- 
Tht^ l^J^ sensitivity to the signal of Interest Is^et by the person. 
This criterion va1.ue may vary depending upon how often the signal Is expected 
to occur, and on which behavior yields thi greater "payoff": respbndln| when 
In fact only noise tin the form of Irrelevant signals) is present or not 
responding when in fact a true signal Is presented against a backgrbuhd of 
to « "?*«^V^"»' "P.^yoff is based upon the tradeoff of values: respbnse 

to a false alarm versus failure to respond to a true alarm. 

An example of this phenomenon involves Cbded emergency conmunicatlons 
recommended for use In hialth care facilities. Over a Ibrig period of time, and 
In an environment where vocal messages specifying Individuals • names are common 
and frequent, staff members may find themselves primarily responsive to the - 
call of their own names. Hence, an Individual staff member may anticipate * 
^rtlir^^v^^^K name, while treating other messages as backgrbund 

~l ' J " payoff m missing an encoded emergency alarm message such as 

Nurse Bla^e or "Code Blue" represents a far more serious threat tb llfS 
TA^I t''«"^ the mislnterpretatibH bf a nbn-emergency message and the inapprb- 
priace inltlntlgn of emergency procedures when there Is In fact no fire 
emergency (sec Keating and Lbftus. 1977). In this example, anclclpatlbn of a 
criterion signal (e.g.. one's own name versus ah encoded emergency signal) mav 
vary as H functlbn of other factors. For Instance, physlclani who spend only 
a few hours per day at a hbspltal nay be considerably less likely tb nbtlce 
encoded emergency messages than nay full time nurses Who have been specifically 
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t^iined in emergency procedures. Time of da^, ambient temperature, fatigue and 
persbnaltty have also been found to affect arousal In almllar Instances (Cratg 
and Colquhoun^ 1975) • 

A somewhat related determinant of signal detection and the perception of _ 
emergency conditions is the io-called_"brlentlrig response,- a pattern. of skele- 
tal and biological changes v?hlch occurs upon the presentation of novel and 
unexpected stlmult (e.g., "FIREr). SucH stlmull dlsrupt ongoing acttvtty_and 



certain portions or vocai emerg'^ncy lucoooftco rL»^*^_-^*L'o _ - ^ 

other portions (Loftu§ ind Kesclng, 1974) is an apparent attempt to optimize 
the likelihood of getttrg and maintaining occupantsVattentlqn and producing 
adaptive response patterns during various stages of fire emergencies. 

Signal detection theory has lipllcationi for all four categories of assumption 
tn section 3.2. thus, with regard to the first category, which deals with the 
effects of door and wirdow design or egress route perception, signal detection 
theory suggests- that th^s need is most critical In situation** where building 
occupants are likely to te transient (and hence not _f^ Jiillar with' the true 
location of egress element s) , or where low levels of alertness may Impair 
occupants' utilization of directional signs. 

Another perspective on the Illumination of egresswayS. the topic for the second 
category of assumptions, li provided by signal detection theory. During fire 
emergencies, most occupants of pabttc occupancy builMngs are likely to be mora 
vigilant; and function at Increased levels of physloUglcal arousal, than they 
would during nonemergency periods. As a result. Individuals may adopt lower 
visual thtesholds to provide cues and stimuli necessary In the Identification 
or recognition of egress route elements. Hence, lower levels of Illumination 
iay be sufficient to permit the rapid recognition or negotiation of environmen- 
tal elements during a fire emergency than during periods of normal building 
use, particularly in a public occupancy building where many Individuals are 
only marginally familiar wlt.h the bulidlng's layout and exit facilities. Thus , 
whereas environmental Informationprccesslng theory stresses the posslbttt^ : 
that the effect of variation In Illumination level depends on Individuals . 
motivations, previous experience, and training, signal detection theory empha-r.N 
sizes maintaining illumination levels above some sensory threshold. r 

Factors relating to the effective use of signage, an aspect of the third 
category of assumptions^ also may be /explained by reference to signal detection 
.'theory. According to this model, variability in_ cue detection results from 
variation In both envlronraental and psychological parameters . The word "KXIT" 
and nn arrow presented on a directional sign may be thought of as visual sift" 
nals which occur^lthlri vtsaal '•noise" produced by complex Interior deslj^n^^ the 
moving about of other occupants, or by such fire products as smoke. Tf tlie 
information on signs can be made distinguishable from cues produced by comper- 
ing erivlrorimentnl elements, th^re Is a greater likelihood that slgnH will be 
used effectively. Similarly, the manner In which building occnp«nt8AnClrrlpate 
the availability of direct tonal signage may a^ect the extent to which this 
IrifbrtTiitlon la sought out from a visually complex (or "hoi sy") environment, the 
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^^J'^^^^^^.^D^^^^f^^^^.^^spl^y^d on signs will be discerned, and the 
nature of resulting egress behavior patterns i 

^^^^^^P^^» an occupant who is unfamiliar with the arrangement of exits and " 
egress routes within a building may believe that In case of fl^, "EXIT" signs 
^^^®^?A9D?l_arrbw8 can^ counted upon to ensure rapid" egress . Whether by 
previous experience, training or cultural norm, the Individual mayapeclf Ically 
anticipate that signs designating exits will display the term "EXIT,- arid herice 
^*^®_P®"°"*® ^^^^^^^^^ P^^S^A^^^?^*ii8 word will adjust to ensure the rapid 

detection of tfuch signs even in vlsaaily complex settings. While negotiating " 
an egress path, however, other sighs mark^^^ "NO EXIT" or "NOT AN EXIT" may be 

**^J^^®^"^^Y^^^^?:*?_l?eatly reduced threshold for the 
term -EXIT" only _. ander conditions of stress daring which a person believes 

®???®?^^y_A^Fl?!®_ti™e, such mis^ may occur because the tndividaal 
failg^ to take sufficient time to foli^-Tead ^rid iriterpret verbal slgns^ even 
though the additional time required may be considerably less than rieeded to 
"^2°^^^^^^" i^"?^^^?^^_P^^*^_(^*e., a path produced by misinterpreting a sign). 
As mentioned earlier, the use of graphic or sywbollc exit and directlbrial 
signage may be advantageous in such situations as fire emergenciea , w^ifre 
above-norraal levels of stress can' be anticipatad (Smilllei 1978) • ■ 

\ ^**^_i^^^^_^ategbry of behavior^l^jjiasumptions Heals with Code provisions for 
* alarm. signals. These assum^tidnil^bncerri the effectiveness of audible and 
visual alarm signals in alerting i^building occupants co a fire threat, ip 
^"^**^^?J^99"Pant8 to correctly define the emergency situation , and in helping 
occupants to rapidly formulate adaptive response strategies. The specific use- 
f^^r^ess of alarm stimuli are perhaps most simply explained by reference to 
signal detection theory. If a visual or audible alarm is to effectively bring 
forth a response^ then this signal must be consistently arid reliably differen- 
tiated with respect to other signals in the environment (i.e., i^ise) which may 
vary considerably iri substance arid irite time. Because the purpdee of 

the alerting signal la tc evoke within building occuparits -an orienting response 
by commurilcatlrig the occurrence of some adverse change in the environment, the 
alarm signal must be discrimlnable as well p detectable A very loud, clang- 
irig, audible alarm in a building where false-alarms are frequerit, for example, 
ma)- fall to cbmmuriicate the fact that an actual emergency is in progress. 

In summary, perceptual fieljl theory, environmental information prbcesisllrig 
^^^^^^'^V^"^ ^^?nal detection theo^ preserit different but related views of 
human perception, ^ach theory ^tt-ph^^^l^ea the significance bf the overall 
context in which the perception. of information occurs. This context has beeri 

^^^^^r s^^tirig, and background noise. Moreover, each 

of these theories stresses the_ importance of individual differences iri percept 
tual brganizatlbri, arid the role of personality variabler upon perceptual judg- 
ment. Human behavioral assomptions which underlie Code prbvlslbhs affecting 
bccuparits' perception of the emergency environment and their recbgriitibri bf 
egress facilities were discussed iri relation, to these general models of percep- 
tion. One or more theoretical explanatlbng^fbr each bf four categories of 
aesiiraptlbria were presented, and it was shown that while each model ie useful^ 
no single model is capable of explairiing aJLl aspects of en>^ironmental percep- 
tion during fire eraergenctesi The next sectibri treats code provisions and 
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their underlying behavioral assamptlons In view of data presented In Che 
technical literature on human behavior during fires and ocher streesfU/L events. 

3.3.3 Assessment of Behavioral Assumptions Basfed ^ the Technical Literature _ 

Literature review . Assumptions eriufaerated InlSctlon 3.2.1 focus on the effect ^\ 

of door and window d;i3lgn upon rapid recognition of egress routes and faclll- 

ties. At the time of this writing, no technical data either supporting or i 

refuting theie assumptions were found. In general, however ^ the position held ] 

by writers' of Che Code that doors, should not be designed so as to ''blend ln*' J 

with wailsi and that windovri should hot be designed so as. to be mistaken for ^, 

exit doori Cnote provision 5-5.2.2), agrees with psychological model* and data ; j 

from other contexts. Meltnek (1975) recommend that designers a\)^oia^ fplactng 

mirrors or other reflective Surfaces wherie they could mislead occupants regard- .. . j 

ing the direction of corridors and the location of exit doors. However, he . . i 

provided no data from cases alleging such confusion to have actually occurred^ 

In their analysis of ielected prbylsions of the Code , Rivers and BlckmanC 1979) , 

call for future research on this topic. They emphasize the special problem or 

egress route perception in the presence of smoke, and also argue that wh 

obvious to alert and able-bodied tndlvldaais may appear quite differently to 

fatlcEued or otherwise handicapped persons. 

^ . ! , ^ 

The influence 6f Illumination level upon the perceptlon.of egress ways is 
addressed^ by assumptions enumerated in Section 3.2.2. In general, there is 
currently a dearth of empirical knowledge about the quality of illumination 
measured at floor level (provision- 5-8. 1 .3), and no data are now available to 
confirm or refute the applicable. Code provision. Rasbash (1975) , in an experi- 
ment designed to evaluate visibility under variouB conditions^ found that 
where ylslbillty was 10 meters (3,2.81 feet)^ 10 percent of all subjects could 
not complete a way-f4.nding ta§k and instead returned to Che starting location. 
Where visibility was reduced to five meters (16.^40 feet) 20 percent of all sub- 
jects returned. On the basis of these data, Rasbash suggested a requirement 
that the minimum visibility during emergency evacuation be 10 meterb. But he 
did not convert this value to illumlna'tlon level measured at the floor. In a , 
study connducted by Hortuchl ( 1974) ^ emergency floor lllumlriatibn of one lux ^/ 
(0.1676 foot-candles) was compared with that under ^mal lighting conditions. - / 
Only a'imall difference in occupants' yalklng veloSWp. was found . >Edra6ridb arid 
Macey (1968), on rtie basis of their studies of emergency lightlr|g on board 
U.S. Naval vessels^ concluded that standard Navy handlanterns (p'rpvid_ing an 
uri'specif led quantity of tllumtnatton) positioned two f^et above-^the /loor. arid 
spaced six feet apart facilitated egress route detection by ship occupahts. 

Perhaps Jln» wh^ studied illumination and visibility through smoke, expres^^^ 
the state-of-the-art most succlrictly noting, "It has not been made clear yet 
how much visibility is needed to escape fro^fire_( In this case^ throurb 
smoke). But it is generally believed that visibility of. 15 or 25 meters (49.20 
to 122.00 feet) is necessary to escape from fires Ijh such places ss depattment 
stores, underground shopping plazss, etc ., crowded with people who are urifap^l- ^ 
liar with the interior of the bulldlrig,.whlle three to five meters (9.8A_to 
16.40 feet) is enough if escape roatft^ are well knovm" (Jin^ 1972a, li. 138). 
Jin also provided tsblqs showing comparative smoke derislties for the vistbtltty 

• 7 
11 - 

Me 



distances expressed above. In addlc^on to the prbblem of llluralhatlbri level i 
the question of whether delaysln activating emergency lighting facilities 
affect egress fJow (e.g;, t,he 10 secbrid maximum delay permitted under. provision 
5-9.1.2) findsno answer— definitive or luggestive — in the technical literature 
currently available. 



Jin (1972) considered 'iiiumination level In corridors as ati independent variable 
in his study of .response .time in a smoke-filled enviroimenti In a later experi- 
ment , Jin (1976) foandwalklng^s^^^^ affected by variations 
in corridor illumination. Psychophysical experiments designed to study light- 
^?^^_^^^P^^tibn have Indicated _t^ response Is delayed when a person 
moves from a lighted to a totally darkened setting (Brindley^ 1970). But while 
perception is slowed under such conditions in the laboratory, no dbcuraerited 
evidence was found by the prepehjt investigators relating perceptual- decrement 
to impaired movement b]^/ build Iftg occupants riegbtlatlhg actual settings. 

. - ' \ 

)^§^^vlbral assum^ the degree to which boll^lng 

occupants depend upon 'visual, signage and directlbhal markers were presented. 
Extremely' few technical, data , are currently available indicating that dlrec- 
^^^^^^ ^^/^^IJ'^^^J^^^^^^ whether in formulating initial egress 

^rategles or used daring »^ri emergency evacuation^ Although conclusions drawn 
from experiments conducted^-b)r Ito^ (1974), Jin (1971, 1972a, 1975) Garner 

and towery (1976) all appear to imply t signage is used by evacuees, pign 
use has never itself been treated as an experimental v&riabXe by these Inves- 

another experlmeht:> hf^weveri Horicuchi (1979) fouii^ that the 
visibility of stairs was the most irapbrtarit factor in directing occupants to * 
stairs. Moreover I studies l>y Jin (1972b, 1976) and Tadahlsa (1975) on vlsl- 
^^^*^y^^^^"?^J*™°l^^»_t^o"S^ sign use, suggest th«t 

P^^sons who are familiar with a building and with routes to exits are lesa' 
ilfckely tb use Hlrectibhal signage. 

A number of researchers have discussed the visibility of overhead directlonAl 
^^^f**?. ??^ke Gbriditibri In research conl^ucted by the Federal Aviation 

Administration (Garner and towtey^^^ several types'bf aircraft cabin 

exit signs were evaliiatM under smoke conditions. These invest iga tors con- 
cluded that increasing the lurai^^ an overhead exit sign to compensate 
for smoke eonditions produces^^t certain levels bf smbke density, a diminish- 
Return in brightness and only marginally increases visibility. Jin (1972b) 
found that. the visibility bf exit signs varies with the density and composition 
of the smoke. Bryan (1976) cited data from an earlier study cbndurted by Under- 
^ writers Labbratbvy (1972)^ noting that signs pia'^-^d at m distance of 7;5 feet 
(2.59 m) ^ove the floor .become obscured mote quickly in smoke than do those^ 
placed at ilistances.pf 5.0 feet (1.73 in) and 2.5 feet (0;86 ra) *abbye floor 
level. Rltrers and Bickmari (1979) concur, noting that the plc^ent of exit 
signs near ceilings may be inappropriate under smbke qb^f'ditipns. This notion ^ 
is frrther supported by Edmondo and Macey (1968), who presented U;?.. Nav^ data 
saggesCing that the Optimal loc^ibh fqr illuminated directional markers is not 
more than 2.6 feet (0.61 ra) above floor level. 



l^^^^y^^^ in thio section 1 

that clearly visible instructiotjat and directional signs tend tb reduce the 
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overall time required by occapants to evacuate a baflding during' a fire % 
emergency. However, few empirical data are available to support this notion* 
For example^ Edmbndb a^dMacey (1965) reported rib 6 Ig^ 

transit time between exp^tenced and inexperiusnced Naval personnel when both 
were provided directional markers. From a somewhat different perspective, 
toxlc'jlbglcal studies a ^^l^^^-?'^.^?^^ addressed the 

affects of carbon monoxide (CO), usually pfodaced in measurable quantities 
during flres^ upon, sensory reaction time arid beHayibr (Laities arid Merigari, 
^?Z??i research on the visual effects of low levels of CO 

remain controveTSial , blood saturation levels aslowas 5-9 percent pfcarbbxy- 
hemoglbblri(COHb) have' been shown to sigriif icaritly elevate the visual light ; 
threshold (Stewart, 1976) i Moreover, even a brief exposure to high levels. of 
CO may result in substantially.eleyated/CdHb saturation^ prbdiicing a signlfl- 
caivt decrement in the psychbmbtbr teactibn' to visual sttouli CRMsey, 1973) . 
Hence, smoke conditions may not.only have adverse af-fects on sign detection^ 
but they may iricrease reaction time (and overall egt^ss time) as well. These 
findings uriderscbre the need tb further understand the role of smoke. 

The source of illuidifi^ibh for, egress directibrial sigris has also been the 

subject of research. Edmondo and Macey (1968) , j!or ex^ple, found the starwiard 
battery powered sealedrSeam Naval handlantem to he an effective directional 

marker^ wbile Jin (^975) cbricluded that the xenon Ismp bestlllumiriated^s 

in smoke. The detection of exit signs under both smoke and clean-air conditions 
and under_ different' lighting conditions was studied experimentally by Under- 
writers* Laboratory (1973). pata from this research iridic that isigns illu- 
minated by an electric lamp were detected and interpreted more rapidly than 
weri "self-luminous** signs. 

No data are currently available specifically indicating whether or not fixed 
directional arrows produce desired pedestrian mbveinent patterns and reduce 
egress time daring building evacuations. Although directional arrows were not 
treated as an experimental variable per se^ f indlngs by^ Edfaondo, and MfiTcey rfb 
suggest that directional markers Hfwa pbsW:iyeeffect_on egress Jarida arid 
Volk (1934), in experiments destgndff to study the _ effectiveness of symbols on 
highway directional signs ^ found that symbols yielded stvbrter driver reaction 
times than did verbal directibrial signs, tater research by Walker, Nicblay arid 
Stearns (1965) corroborate this finding. Moreover Smith and Weir il97fi) and 
Lerrier (1981) fourid 'that arrows of uricbriveritibrial desigri terided to be more 
highly visible than were coti^^entional atirow typesi 

Nb refererice tb the ef f ect Iveriess of verbal "Np EXIT" sigris iri reducirig egreiaia 
time was found in the technical literature. Recent studies conducted at the^ 
National Bureau of Standards have^ hbwevery addressed the comprehensive of ' 

pictbgraphlc rib-exit sigris. f o*",? ^f'Sple, Collins afid Plennari ( 1979) arid 

Collins and terner (198CF) found that the no--exlC pictograph proposed by the 
International Standards drganizatlori Technical Cbmralttee 21 was judged iricbr- 
rectly|a8 roeariirig "EXIT" by some 70 percent of kll "bUbJects participating in an 
experiraenti 

... ^: > 

The effectiveness of visual' and audible al^jrroj dovlces'to pr^^lde occupants 
clear alert signals and sufficient inforraat;ion for egress strategy formation ^ 



1$ the^subject of assuffiptlbris presented in Section 3i2;4. AlChbUgh the Code 

i*.- galdance rWardlhg the quality of alarm signals . appU- 
^ I - alarm prv«.lslons generally assumes fire alarm systems will 

Enlmll delaJ"^ occupants to i.^^iate effective emergency egt..s behLlor with 
^In^mal delay^ Almost^wtthout exception, however.^ the CeShnlcal literature 
contradlctB this ridtlo^. Pauls studied egress behavior during ixlt drills in 
fK^^"^i'^v°r"^^ ''°'"'^f! "^"^''^ 1^71. 197A. 1979). He noted that 

provlTL'f o«'^'"^'^ an excited announcer 

providing occupants with ambiguous informatioh. On the basis of his observe- 

^"f°^f " "^"^ ''^"^ occupants as often 

utilt^lnf nr^r^J^ '''^"'^ that even automated public address systems 

utilising prerecorded announcements-may annoy and confuse occupants. Moreover 
P.«^uls suggested that the long-term performanci capabilities of prerecorded 
vocal alerting systems has not been adequately addressed » even during the 
pioneering researeh bri these systems conducted by toftas and Keating (1974) and 
Groner, Keating and Loftas (1978). W^/**; ana 

^ number^of investigatcfrs have reported on the problem of alarm credibility. 
Breaux, Canter and gime (1976), for example, cbncurs with Pauls (see above); he 
suggests that alarm sigrfals often have low credibility fbr building occupants 
H^ni%'^''f.p° f** ^ real fire emergency, in contrast tb a 

^ P*. -f'^^* ^^^^"^ and Mack (1960), whb studied responses to unantici- 
pated air raid signals j concluded that merely hearing a warning signal is 
insufficient, in and of itself, tb stimulate people to take immediate pretec- 

fSlfn"'" y^'^'^^l'^' ^^^aies of fires in heaUh care 

tacmties, noted that alarm signals were sometimes disregarded as ah indica- 
tion _ that a fire^ is actually In progress. She described one case in which 
rtarslng home residents and staff attributed an alarm signal to factors other 
th^n__fire, and another .case in which the alarm v^Ss specifically interpreted as 
-if™ J"^ , regarding the meaning of an 

alarm signal was also^noli^d in a fire at a nursing facility at the National 
Institutes of Health (Bryan a^^^ 1979b). Reporting findings from a 

similar incident, Bickman, Hertz, Edelman, and Rivers (1979) noted that some 
patientB^ did ribt define the situation as an actual fire emergency until they 
heard shouts of "EIRE." In view bf such evidence, Ri.^ers and Bickman (1979) 
have suggested that the assumption that bCcuparits will be effectively alerted 
by means of standard audible alarm devices may not be true in all caies. 

Visual alarm devices also are peSitEted by thp ^bde (hpte provision 6-3.4.4). ~ 

^^ri'? '° Jf^"".''"'' (1975), visual alarm. sysiiSi- usually cbnsist of flashing " 

red lights yorking in unison with audible alarm "gongs.", fewever wher^ cer- 

tain physiblbgical factors are not taken into accbu1?t, the helltH'anH safety 

of occupants may be compromised by such systems.. For examole, Kravblltka has ^ 

suggested that m deaf persons with epilepsy, seizures may' be triggered by ^^r- 

(E^gle;'?"").'^''' '"^ p^*"" ""''^'^ this effect 

SrH^nqAi?^ by audible and visual alarms, 

Baird^(l963) reported that responses elicited by manual alaSn bells tended lb 
be agigUbus. Baker and Mack (i960) found in their research that most people 
sought some sort of additiphal lnformatio\, to validate the meaning ^ alarS 
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signals. Results from these studies suggest: that when hearing an alarm signal^ 
building occupants construct their egress behavioral strategies on !the b^&is o( 
available information 9 and y in ordsr to reduce the degree of uncertainty iSder ^ 
which decisions _ are made^ they actively seek out additional infbrcnation~X*"^ic*^ 
ffiay come from simply observing the behavior of other occupants, from seeing 
emoke » from persons in iutSority, etc.). _ 

ii_ _ _ _ - 

^ Several models of human behavior during fires (e.g., Blckman, Edelman> and 
McDaniel, 1977) treat. the sufficiency of information provided by audible and 
visual alarms as the '"situation definition" stage of a fire event. Sufficient 
Information » in this vtev» will uneqaivocall^ and anambtgaoasly Inform the occu- 
pant that a situation Is^ or Isnot^ auflre emergency. _To illustrate insuffi- 
cient infbrmatiohi during the^flre at New York* s World Trade Center* the emeir- * 
' gency commvml cat ions system failed to provide Information sufficiently effec- 
tive toprevent occupant movement {the deslrableobjectlve in that case)^ 
especially since smoke—ah extremely powerful stimulus—was preterit (Glass and 
Rub in ^ 1979) i A somewhat related problem pointed oat by Rivers and Blckman 
(1979^ is that audible al^arm signals (e.g.^ gongs) may actually be too Ibud^ 
and thereby interfere with necessary verbal comrouhications among occupants J 
.^during emergencies* These investigators found in sevejal nursing homes they 
sfudiedy that staff expirienced c'bnslderable difficulty giving and receiving 
verbal instructions due to the loud sound produced by alarm devices. " 4? 

?D_^ypP9r^ bf the general assumption that alarm devices provide aufflclent 
Information to effect rapid emergency egress , are occasional news media accounts 
in which occupants specifically reported having seen or heard an alarm signal^^ 
formulated an egress* St rate . However , no research 

has. been reported evaluating ^nerallzabliilty of these anecdotes in view of 
such potentially confounding factors as occupants' familiarity with the build- 
ings » pr^lous training and experiences » and whether xft not ambient social arid 
organizational environments supported the egress activity. 

Overall^ there is little technical evidence presently available which directly 
supports or refutes behavioral assumptions believij^ to_ underlie Code provisions 
governing the design of doors arid windows , emergericy lllurairiatlonj irid signage 
However, a growing body of evidence has begun to challenge assumptions that 
alarm signals of the type currently specified by the Code are effective in 
arousing egress behavior and that the^ provide isuf f icieritly uriambigiious - 
emergency information* 

Strengths- an d weakne saea-^o f the te c hnical l iterature ; Behavioral assumptibris ^ 
underlying Code provisions which. affect door and window design emphasize the 
impbrtarice of these architectural eleraerits in egress route perception by build- 
ing occopants daring fire emergencies; These assumptioris are based primarily 
on a consensus of professional opinion. _ The assumptions ' credibility is rein- 
forced by refererice tb yariiliis behavioral models arid experimental data from 
other contexts. However, no direct tepta of the role of door and window design 
have been conducted In connectionwlth building evacuation behavior. Conse- 
quently, it is notcurrently possible to mak^ defiriltlye technical statemerits 
regard'nf^ the validity of these design provisions on the basis of available 
11 terature . ' — 
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________ _. 

literature on lllumiriatibh ievel and its effect on egress rbiite 
perception reports experimental dati; shortcomings In the design of various 
experiments render many of these results difficult to Interpret and apply "in 
relation to the Code, For example, Rasbash (1975? found that within a certalflk 
visibility range subjects returned to their starting locations father than com- 
plete a way^flndlng task. He concluded that the ability of Individuals to com- 
plete the cask depended upon the llg^ qualities of smoke. He did 
not discuss visibility impairment due to lacrlmatlbn or motor Impairment 
resuUlng from smoke Inhalatipn as possible alternative explariatlohs of such 
resultd. In Rorlachl's (1974) experiment, groups of subjects followed leaders, 
and ail sublets werq familiar with the spatial layout under atudy. A reason- 
able hypo thes^lfl^^ Horluchi's finding (that evacaatton speed under cbhdl- 
- tions of low-level emergency Illumination differed Insignificantly firora that 
under normal lighting conditions) may not generalize to situations In which 
leaders are riot present or where transient occupants lack faaitllarlty with 
egress ways. Stmiiarty, while Edmondo arid Hacey (1968) evaluated the effec- 
tlveriese of various lighting sources and lighting fixture locations, they did 
not Bpeclflcally compare lighting configurations on the basis of lllumlriatlbri 
quantity^ Hence, their rej^alts' are not directly applicable to validating pre- 
„ sent Co^e provisions regarding egress way iilominatlon. Jin (1972a) arid 
^adshlsa (1975) have tiierasel^ Indicated that data from their stadles are riot 
as yet conclusive concerning mlnlifium required eraergericy lighting levels. 

Hie Code provision permlttirig a 10, second naximum delay in the activation of 
emergency lighting is partially supported by the literature; Light-dark adap- 
tation experiments suggest that the need for people to adapt frbm light to dark 
(and then again to light) be miriiialzed, Howiver^ bec^usi these data were col- 
lected under ideal laboratory conditions, they may ribt be directly appli/'able 
to actual emergericy settings in which the visual and other sense modalities are 
simultaneoGSly stimulated, arid^^i^^ perception is continually influ- 

enced by the individual's motivations, experience, arid by physiological 
stressors. 

qurrentkribwledge regarding the effectiveness of signs arid visual directional 
information alsb is based bri limited experimental data. Perhaps the most 
applicable data were collected by Edmoridb arid Macey (1968) ^ who found that 
dlrectibrial markers assisted Naval personnel in way-finding, and that the 
presence of these markers prbdiiced rib slBriificaht difference in transit time* 
between experienced and less experienced sailors. A cricical unaHswer^d xjues- 
tlon, however^ is whether the transit times were influenced at ail by the pre- 
sence of the markers. That Is, the research design failed to inoiude a compar- 
ison of two important groups of inexperienced personnel: thb^e performing an 
escape task with dlrectibrial markers, and those performing the task without 
markers. Moreover , since Naval personnel are likely to have undergone more 
extensive safety training than have moat civilian bdilding users, irifererices 
from this study should be limlled tb those civiliaii sitfCiations In which occu- 
pants can be expected to be well trained and disciplined. Iri addition, toxi- 
colgglcal experiments auggosting perceptual and cognitive decrement resiiltirig 
from carbon monoxide exposure are ribt yet aufficieritly advanced to permit 
Inferences concerning the physiological effects of smbke upon sign effectly^- 
nesa. Moreover, data from highway safety symbol studies are applicable bril^ 
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to the degree that drlvjtng behavior transfers to pedestrian behavior 
(especially during emergencies)^ itself an unanswered empirical question at 
this time. 

4 

A brief digression into _ the nature of experimental design ih_ fire research 

seems useful at this pointy. 1^^9^§??FZ_^?P^??^?^D?^?^^9D_1^^? ^'^^^'^^ 

afforded researchers the greatest opportunities to obtain highly reliabie data* 

Many, problems i however I are extrMelycpmpleXi making laboratory experiments 

difficult to design and experlmentat data difficult to apply; Where eyperiijieAts 
cannot be designed to accommodate (and control), the full r^nge and cbmplejjiity 

of environmental factors , the data obtained will /often lack^ "^^^i^^^^HX 

(that ^is, data may not be generalizable .Across time frames, settings, or groups 
of persons)* When studies do not cover, the range of factors accounting for a 
phehbmehon, then external validity is threatened (Cbbk and Campbell 1976). 

The study of human behavior In fire situations is an obvious case in point. For 
example , experimental data bri directional sign perceRt^teg i,n a stnoke simula- 
tion study may yield important psychophysical Info^piation about the effects of 
variation_in smoke density on visual perception* But where experimental siib- 
iects perfbrmfed a visual task In relative safety, neither actually^ being exposed 
to a ilfe threat, nor believing theirlives were otherwise endangered ^ _ the 
potential effects of fear^ stress^ and otliter per tlrieht factors remain Indefcer- 
mlhate* How then Is the analyst to draw conclusions about sign perception^^^d^ . 
its effect on behavior during actual fires? _Cieariyi researchers must nbt!'/ 
expose hiunah subjects to real or Imagined life threats for experimental pur- 
poses. Consequently, researchers may never advance beyond the Itratts of vali- 
dity attainable through. simulations such aa^ those reviewed above* Considerable , 
additional work may well be needed, however, merely tb apprbach these limlXs 

_ _ _ _ _ _ y 

Incbntrast to the quasl^experlmerital nature of the technical literature bri 
illumiriatibri arid slgri perception^ the literature on alarm effectiveness reports 
primarily nonexperimental pos t-iRci<ient_ case study data* _ P6st--lncident surveys 
cbriducted after air raid drills, riatural disasters, arid fires in commercial, 
educational, health care» and residential buildings provide a growing body bf 
evide^e. contradicting the general nbt ion that alarm devices ^ once activated, 
will yield uriambigu^us emergency irifortnaCipn* However, cor\cla8lon8 based on 
available post-incident investigations are no means unequivocal* Conse- 
quently^, specific reCbflimiridatlbris coricerrilrig the va bf preserit Code provl- 
slbris for alarms are open to varying opinions; Nonetheless, the post-incident 
case study is expected to_ remain a valuable source of field data necessary in 
validating findings frbm labbratbry slmtilatlbris . 

3.4 SUMMARY OF GAPS IN THE TECHNICAL LITERATURE 



3.4.1. Research on the Effects of Door and Window Design 

Nb data currently exist either supporting or refuting Xode^^provisloriP governing' 
the design of doors and windows within egress ways, or dealing with assumptions 
about occupants" behaviors with respect to these building elements. Ouestlbris. 
raised by these^prbvlslbris arid assumptlbris ^are rievertheless Important Ones ' 
requiring empirical investigation* For example. Code provision 5-5.2.2 requires 
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that doors alojig ^egress paths not be designed so as to •'blend, in" with 
surrbiindlng walls Qt decor, oh the assumption that doors which .isvially con- 
trast with surrounding surfaces are more likely to be quickly detected. How- 
eyer^ the designer is provided ncjt guidelines by which to determine the_ adequacy 
pf any given door/wall cbmblriatibn, ricr any range or region of acceptability 
for various design solutionsi Stmtlarly, while such additional factors as 
iiluminatibn and occupants' visual capabilities ^^el believed Co_influence 
^D^^Y^^^??'^'.???^^??^^? 9? egress route elements^! the effects of yariatibri in 
these parameters upon door/wall contrast and door detection is not now known* 

important^ no data currently exist describing the impact of dbor/wall 
*Ct>nt^fC?tt ■"variation and jcither design features upbn egress time. 

Af ^.PP^ptj^bf departure should be designed tb evaluate 

way-finding and exiting time jjerformance for Individuals of varying visas 1 abil- 
ity under different conditions of door design and door/vall contrast. Similar 
experiments may al 8 b be designed to assess the ex t^n to which doors are dls-*^ 
tinguishable from windows under various environmental conditions* Where proper 
cohtrols arid safeguards are feasll^le, mdreoyer^ future experiments on dbbr a nd 
window perception should be dedig^eSf to evaluate the: effects of smbke (a l^lyota- 
tory prbcedure for optically simulating characteristics of smoke and its «fects 
on yiBlbllity is curreritly urider deVelb by DrB». Lerrie? arid Cblllns' of the 

Center for Ballding Technology, NBS); - ^ / 

3«4«2 Research bri Illurairiatibh Required fbr Egress Rbiite Ideritif ic^tl&n^ 

Findings frbm recent research /on the role of ill^imination in emergency egress 
are ambiguous and difficult tb apply when evaluating Code prbvisibris. Although 
such factors as the presence of smoke and the degree of famtliaricy with egress 
yays have beeri treated to . limited extent as variables by preylbus Irivestiga- 
tOrSj other important factors including stress, nwtiva "Visual acuity 

have not. Although studieift^such as those conducted in Japan by Jin and Tashida 
have been Ibmewhat successful Iri slmulatirig srabke cohditlbns safely^ the Iritrb- 
^ctton of other stressful and more dangerous aspects bf fires iritb experimental 
settings may be too costly— especially In humanterras — to be feasible^ Future 
research directecf toward buildirig a mb?:e reliable data base under "safe" labbra- 
tory conditions, and then validating these data against victims* experiences 
reported duririg pbst-iriciderit case studies^ appears the best approach to obtain- 
ing a quantitative basisi^fbr emergency lllun^ihatibn standards. 

3.4.3 Research on Directibrial Sigriage 

Previous research on directional^signage has focused primarily on the visibility 
9?_^^8D?_ yn^_^_F_y^?y^Di_cbndlt 9f_iilv^inatrori ?bj[ people varying In thiir 

familiarity with egress ways^ in some Instsnces, particularly In the Japanese 
studies ^ effects of embke . were cbrisldbred* Work _ in _ progress, at the National 
Bureau of Standards .(Collins and Pleraari, l?79; Collins and Lerner, 1980; 
Lerner* 1981) is evaluating the extent to i^hich various pictographic symbols 
are Iriterppeted cbrrectly under exjfcrimerital cbriditlbris • _In these studies^ 
subjects were Bpecifically instructed to look at^^l^s. Cbriseqiiently , one 
cannot infer from the data that the mere presence of directional signs assures 
their detectlbri arid proper use lii real buildlrigs urider emcrgericy cbriditibris. 



The degree to which slgnia are In fact used by building occapanta as an aid to 
egrelBS roate perception , and the manner in which information derived from 
signs is integrated vrlth occupants' goals ^experiences, and other environmental 
Infdrnation, have not been addreisiaed to date. Future research on directional 
signage (verbal, pictographic , or their combination) must be specifically _ 
designed to assess the cbhtribuCion of signs to way-firidirig perfbrTaarice and 
escape time, ^forebver, researchers must exaisine the Influences of sign loca- 
tion, lettering and. graphic de sijccnV a nd of variations/ iri_ human visual acuity^ 
building familiarity^ smoke density , arid illuminatlqA^ may inter- 

act to reduce the posic&ve arid qB,ft^l aspectgK^ij^ 'dir4rdtfonai signs» 

Research oh Alarm Sigrials a-^-- 

The ability of alarm aignala *tb alert building occupants^ to act effectively 
during fire emergericieTs cannot readily be determined from the technical litera- 
ture currently available. This is primarily|^h»e to the lack of data useful in 
understanding the rble of several key patametc^ts^ ^specially for hbrilristltu- 
tibnal public occupancies. Amoiig the critical- parameters are (1) mode of 
signal or message delivery ^ (2) clarity of the alertjing message arid the extent 
to which message cbriterit is* cqrialsterit with bccuparita 

gency training, and the degree of consistency between previous training and 
messages prbvided in anygiveri buildirig, (4) _ bccuparits ' familiarity with 
'^yi?!^^^?. layouts , arid (5) occupants' physical M characteristics. 
Controlled field experiments in actual_buildings during simulated exit drills ^ 
such as whose rtffcbmmerided by Stahl ( 1978b) j in&y provide data useful in asseiSsing 
the role of such parameters its alarm effectiveness, and contribute to the 
improvement of alarm system design. Similar. experiments evaluating deaf Ihdt- 

yidiials* resporiues to various types of visual alerting devices, and blind 

persons' responseB to audible alarms (especially in relation to other parameters 
noted above) are also required. 

3.5 SUmARY ti - 

A nuAber of human behavioral aesumpttons about the perception of emergency 
environments and the recognition of egresa' facilities underlie various provl-, 
sibris bf the Code. These assumptloris were evaluated by refererice to aeyeraj>^'^ 
modelB of perception, to limited datia*from ejjperiments on visibility, and to ay ;.; 
amaii body of evidence from poot-incldent fire iHvestigations • Taken as a ' 
wiible, available data rielther support rior refute behavioral^ a 
occupants' emergency perceptiona at a level technically Sufficient to permit 
a thorough evaluation of related Code prpvlsiori^. To the extent that Initial 
emergericy perceptioris (us developed by alarm s fbr ^example) can be 

linked to ponfusion resulting in increased evacuation time, however^ research 
ori th^ role bf eraergericy perceptlbri and Its relation tb egress behavior will 
remain a rieceesary precursor tb effective codes arid standards... 
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«. PROVISIONS AFFECTING EGRESS STRATEGY 'FORMATION 



i.l APPLiCABtE eOE 



5-2.2.2.12 Stairs and other exits shail be so arranged as to mSke clear the 
direct Ipn of egress to the street. Exit stairs that contlnae beyond the floor 
of discharge shall be Interrupted at the floor of discharge by partitions 
doors, or other effective means. » 

|r2i4^i^ Eveiry flri section for which credit is allowed In connection with 
^horizontal exit shall have in Addition to th« horizontal exit or exits at 

«!cM„rLrt r^'— °^ other standard exit. Any fire 
section not having a^ stairway or doorway leading outside Shall be considered 
as part of an adjoining section with stairway. 

li^^^ '^^i^s shill be so lasted and exit access shall be so arranged that 
f™^H,«^^"^" ^ flSf"!*"^ " """^^ ^^^^^ 5-5.1.1;. Where exlt^ are noc 

aT^^^ ''^"ff ^^v^r?V" ""^^ ^^'^ cohninuous passageways, 

shI^T K -nalntalned leading directly to every exit, an^ 

shall ^e so arranged as to provide convenient access for each occupant to at 
least 2 exits by separate ways of travel. 

exlte shall be remote from each other and so arranged and cbristructed as to 
minimize any possibility chat both may be Blqcked by any one fire or other 
emergency condition. - otncr 

^•2 OFDERLYINiS BEHAVIORAt ASSUMPTIONS ' ' 

4.2.1 Assumptions Relating to Occupants' Capacity to Process Infbrmatloh About 
the Location and Tunctlon of Egrossways. , ^ 

SJLJ^^'T"'! ^S^^^"^^''^'*'''' ^'^^^ discharge to the street', and lacking 

Information to the contrary, they night assume that exit discharge occars at 
the iowest level of the building (5-2.2.2.12). ~ ■ occars at 

(2) Building occupants understand the parpose of horizontal exits (5-2.4.1.2.1). 

(3) Routes^leadlng from horizontal exits to stairways or other means of 
reaching the outside are known to batidtng occupants (5-2.4.1.2.1). 

4.2.2 Asaumptions Relating to Occupants' Abilities to Determin^^the Safest and 
Most Accessible Escape Route Under Potentially Stressful ConJitions 

(1) Where exits are not immediately accessible from an open floor area 
alternate routes to exits will be perceived and understood by occupants 
.^H^^1^^ occapanCB not otherwise familiar wltl, the bazldir.g), even under 
condltio.>s of St, ess posed by a fire emeroehcy. The fomatlon of egress 
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stracegles In Slcuatloris where exits are not inunedlately accessible will not 
require so much time as to significantly increase occupants' exposure to fire 
products or to other dfihgerbus conditions (5-Ail.2); 

(2) When access to one exit is blocked by firt products, occupants will adjust 
^*^^^^_^S^e?8 strategies to seek an Glternatlve egress route. Any additional 
time required for these adjustments (and to traverse the newly ael^ected route) 
will hot pose additional dangers to occupants ^5-5.1.2)i 

4.3_ COHrtENTARY 

% - 

4. 3, I Problem 

Several prbvisibris of the Code ^re intended to ensure to a reasonable degree 
that occupants will not be trapped because any single egress wa^ is blocked ^ 
?^bat the occupants will not become unnecessarily confused *f exits are riot 
ImDediately accessible, arid that they will not -overeboot- the discharge point 
wheiw moving through stairways and other exits duririg fiire erafrgericies. Each 
of these coriditibris requires that occupants make decisions about egress routes 
during various stages of the exiting event. Accordingly, Code provisions 
affecting the availability of choices (e.g., at^ corridor intersection or 
stair laridirig) influence occupants* emergency egress strategy fbrmatibri. 

A broad-based assumption underlying these provisions appears to be that the 
physicaLarid social environments provide building occupants with irifbrmatiW t 
necessary for situation deflnltrbri arid strategy formation during a fire event.^ 
More bpecificallyi humaft behavioral asaartptlons underpinning choice related 
design prbvisibris seem to address two important concerns: (1) occupants' capa- 
city to process information about the location and function of egresaways; and 
(2) occupants' ability to determine the safest and most accessible escape route 
under potentially stressful conditions. 

Strategy fbrmatibri leading to effective emergency egress behavibr may be best 
understood in teras of the cognitive prbcesses—most specifically infornatiori 
processing—which govern this activity. Models bf irifbrmatibn selection and 
decisionmaking processes are considered below in relatiop to behavioral Assump- 
tions believed to underlie X^o^ prbvisibris affecting egress strategy fontation. 

4i3.2 Underlying Behavibral Models 

In general, the environmental. information processing model (Ittelsbn et al/^ 
1974) holds that sbclophysical settings usually supply participants with more 
information about current and ongoing events thari can be processed by any / 
Iridivldual. Pebple obtain information about the current state bf a settirig 
directly through personal experierice with an actual event, and Indirectly 
through media accounts of the event and from conve-rsations with other individ- 
"?^?J'^9_°^^y or may not have had direct experience with the event. This 
information is transferred tb sb-called "shbrt term. Semorr> ^ where it is avail- 
able for immediate use, and may be transferred tb^lorig term memory/* to be 
made available for future use. Long term memory refers to what an individual 
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-knows— but Is hot currently attend to (i.e., thinking about) at the mbmeht. 
A person can know arid be capable of retrieving infornation about an enorraoas 
number of things (i,e., qan have stored billions of items of information in 

?foory)^ but can retrieve^ decode, and use only an extremely small 
number of items at any one time. 

People formulate decisions by comparing present information about an event 
against information previously stored arid available. This dtbired information 
is cbritihually affected by information gained from more recent experiences. 
For example, a person who neyet experienced a building fire but who has 
participated in numerous exit drills will have stored a Vmerital picture*' ^ 
(structure of information) about fire events and effective behavior during such 
events. This mental ptcturGt-^iomprises the individual's ex^^^^ about fire 

events. Should this person become involved in an actual fire which matches 
these expectations, the individiw mental picture of fires and of appropriate 
responses to fires may not substantially change. Moreover ^ new information 
that conforms to current expectations is assimilated so as to enrich the indi-- 
vidaal's knowledge of fires arid of effective means of Responding to thetn. If, 
however, the person becomes involved in ari actUal fire which creates conditions 
differing substantially from expectations based upon fire drills, the iridivi- 
dual is likely to alter or adjust the me picture -bf ft^e events and his or 
her opinions about the value of fire drills as well. The alteration may result 
Iri a riew cbriception of fire events and of proper responses to the events, which 
might be an adapatlve solutiori to the exterit that it matches future fire events, 
or it may result in confusion aboat the nature jof fire everits and of the pro- 
per respbrise to fire emergencies^ which could prove to be dlsf urictibrial during 
an actual fire emergency. 

When negbtlatlrig an egress routes frequent decisions may be required which 
necessitate the evaluatibri of current erivirbrimental information. For example, 
wh^n receiving an alarm signal, hearing shouts of "fire", or seeing other occu- 
pants engage in behavior suggesting a fire drill or fire emergency, an iridivi- 
dual will decide on an initial course of Action. Proceeding along an egress 
route^ the individual can reach corridor intersections, doorways, stair land- 
ings, or other choice points, eaph re<<uiring additional decisions to be made. 
On what basis is an initial egress strategy fbrmulated? Hbw^does this strategy 
enablo subsequent decisions to be made? What is the effect of subsequent stra- 
tegy change upon egress time afidsucc^ What ts. the role of architectural 
design and building configuration iri egress^strategy formation? 



According to the environmental irifbrmation processing model, initial emergency 
strategies r^ult from.-first cut" corapartsbns betweeri incoraini? information and 
information retrieved from memory. Upon receiving an emeTgency alert," the per- 
son's initial strategy may simply be tb "get btit of . the buiiding.- If the indi- 
vidual is familiar with the building^s layout and safety features (i.e'.i this 
ittformattbri is stbred in long term memory)^ :enacting the initial strategy ahbuld 
not req^iire much additional information. If the occupant lacks such familiarity, 
or if the initial strategy is rendered ineffective because bf unexpected events 
(e.g., » blocked exit or the presence of another person needing imediate assis- 
tance), considerably more informatibri may be required: Where is the fire? 




, Where are ex|.t:87 Is enough time available to assist another pe f son arid still 
a is sii re one's own safety? Acting on the initial strategy^ condi- 
tions that favor seeking opecific information about the* environment. • _ Many 
subsequent decisions may derive from the need to obtain necessary infonnatlbri^ 
and may not appear to lead directly to es ???!_?^??P^?± ^P°" receiving an 

ambiguous alert from an audible gong , occupants might either continue their 
routine activities or attempt to verify the existence^ or emergency cbridltlbris. 

i •_ * _ _ _ _ 

As a person proceeds through the fire event, more information about Its nature 
is obtained and stored In memory. This Infbnnatlon stems from direct ex 
ence and indirectly from rumors, persons in aathortty, and (where available) 
from public address messages. _ When a choice point concerning the egrees route 
is reached, Irifbrinatlbri pertaining tb the needed declslbri Ib cbm;jared with 
information obtained and stored during the fifc-e e^ent. If the current situs-' 
tion_ could not have besn predicted _ from earlier experiences {l_«e«^ If the 
initial egresis strategy cannot handle new problem such as a blockedvexlt) , 
the individual might react adaptively by formulating a new strategy wHich* 
accommodates the current uriderstaridlrig of the situation. Alternatively, the 
Individllsl may react matadaptlvety by continuing to pursue the original 
strategy^ ignoring new Information^ and otherwise ifaillng to deal rationally 
with unanticipated changes In events^ 

As_ indicated, earlier i the environmental Inf ormation prpceoslng- model ^ei^erally 
holds that physj^al settings prbvlde mbre Irifbraatlbri than pbsslbly can be pro- 
cessed :by individuals at any given time; Hence, the likelihood that a person 
will respond adaptively to events requiring shifts In egress strategy may 
depend upbri whether the mbst Impbrtarit, br atteritlbri-gettlng, Infottnatlon Is 
easily detectable in an otherwise overloaded or "crowded" information field. 
An Impcrtaht Impllcatlbh of this idea is that the architectural design arid * 
layout of the building environment may themselves facilitate — or Inhibit — 
information processing, decisionmaking, and strategy formation. 

Clearly, then, succecsful egress strategy fo^atlon demands the ability to 
select important information from. an environment and to use this Information In 
elective decislbrimaklrig. S6veral^ models offer useful perspectives on th 
^issues. These Include Broadbent ' s '"filter** modej and Brunswlk's multiple cue 
probability model. 

____ _ \ _ __ _ 1. M^--- 

The seiec»:lon of Infonaatlon from the environment Is sddressjgd by Brondbent's 
(1971X 'vfllter models" which compares" the Initial stages of Irifprmstlbri pro- 
cessing (serisatlbri arid ericbdlrigX tb ari aiitbrnatlc rall^y ^witching system. 
According to the filter model, various data are introduced .via individual neural 
ch an nQjTs which meet Just prior to th^tehcbdlrig pbirit Iri the brain. Here ,^ brie 
channel is perroitted to continue emitting signals , |«^le others are placed in a 
standby mode. In other words ^ a stop-gate or filter Isposltedi that protects 
the ericbdlrig ariH prbcesslrig mecharilsras agairist Inforaat^on overload 
for filtering information (i;e., opening snd closing various input 'chiftn'neis) 
depend on the attentibn--^gettlng properties of the infbrmatlbh itself"*; ^Theae^ - 
P^^P^?^'^?^^*^*^?^^^.^^? 1 ^*^?^^^^y » biological importance, and novelty of t^he 
information (Miller anS Mackie, 1980) i * * 
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Another explanaticn of the function of this 8toi>-gate Involves the use of short 
term raemory.^ VThlle Imppr^antlnforrtatlon la being encoded and processed, other \ 
lncoi?ing_d«ta may be teaipotarily atbred in a short term iemo^y buffer (hotding 
area). The gate thua controls the flow of data from receptors to ahortteri 
memory and higher-order information proceaalng centera in the brain. If tha 
information f,n th6 buffer goes unused for a period of time» it iay decay (be 
forgotten), or altematlyely| it may be transferred to long term meiaory. An 
example tlluBtratlng both the atg^ and buffer concepta can be drawn frop * 
the Arundel Park Hall_ fire. Post-Incident interviews revealid that a great _ \ 
many participanta coulti not recall whether exit algns were illuminated or ' \ 

whether they were even present (Bryan. 1957)- These s^lgna were In fact both 
present and illuminated, and clearly some occuparite did use the signa during 
egresa.. The filter model au^geats .however , that sensory information concern-^ 
ing the presence and characteristics of exltalgna was overriden by more bbvi- ^ 
ous information (e.g. , vlaaal -gata from_the fire itself) requiring r^apld pro- 
cessing. Inforraatioti about the ^xlt signs was either filtered out -and never 
processed at all, or „it was encoded intb a short-term memory- buffer and even- 
tually decayed. In either case, this information wii l^bst^ during the rela- 
tively short period between the fire event and the post-incident interview^, 

Brunswik's (1956)-Uultiple cue probability model offers a sbralrhat different 
perspective on iriformat ion seledtion.. Brunswik held that Informatibri trans- 
mitted by the envtronment is always less than consistent and complete, that ^ 
there Is usually more information available than can be cprocessed . and that at 
any time a persoi^ must make decisions^ on the basis of partial and sometimes 
conflicting information. As a Result, the individual ielects inforaation by 
perceptually -sampling- the environment ._ the ssfflpied feta are encoded and 
compared against prevlbus kribwledge, expectations^ and heeds, and although no 
single piece of information perfectly aatlsflesallregulremerfts^ some are • 
Judged to have a better probability of satisfying requlreraentsV A deciaibn 
based on probabilistically weighted eriviroMehtal Information is called a 
-best bet" by Brunswik. A almple example concerns the fire victim who finds 
all stairways tb be blocked by fire products. Several ootlons ate avallaMe 
to this person. Including: jumping from a windbw^^ rldlng-out , Ehe flre^ln place 
risking injury in attempting to use a stalrwy. The environment itself " provides 
little Information about the likelihood of success or failure associated with 
any one alternative, but the victim must weigh the iubjective probability of 
^death or injury resulting from jumping against chose associated with smojce Inha- 
latlon and/or burning resulting from using a stair or remaining Its th^ "building. 
Which strategy appears to the Individual as offering the greatcsr likelihood of 
Success may well depend upon the person's prior emergency tralrfllttf (e.g. "close 
the door to your apartmenf: and. riderout the fire") , exposure to^lSia headlines 
(e.g.i "man dies attempting to jump to safety"), arid the like. \ 

\ 

Strategy formation, then^ invblves decisionmaking as well as in^rmktlon I 
selection, the conflict-vigilance model and varlbus heuristics are useful in^ ' 
explaining cbgriltive behavior under stressful conditions which may' exist d^iring 
fire emergencies, and shall be discussed here briefly, the conflict-vigilance * 
model (Janis and Mann. 1977) offers a step-by-step explanation of dicisionmaking 
\j during a stressful event in term? of how people cope witk stress. One cbpfrig ^ 

pattefn^ vigilance, results In thorough irifbrmatlori search and an unprejudiced \ 
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a*«8imilation of new Information. Vigilance alone among the various coping 
patterns discussed by Jarjls arid Mariri Is held to result Iri effective 

^ ___ ___ ___ * _ 

T^^.^'^^D? ?-i^^"yiii^^"9^ responses to a series of 

questions which are posed doring*fi deciblonmaking task. Depending on how a 

person answers these^ques tlons § the coping behavior will be either adaptive 

-or maladaptive. - > 

i_ — ^ ' ^ 

The first question cohrerris risk evaluation. When a person deteralrieft->that 
rlskB will he high If no protective or defensive actions are taken, tWeSL __ 
arousal tp the danger wll^ occur arid the Iridlyldual will* for example, v|^g^ 
aritly seek escai 2 routes and other options. If failure to Initiate prot^cnl 
actions is not expected to Increase personal rlsk^_ then. the likelihood of 
arousal and of altering precedlri g be havi or pat^ ^^f^^^ll .be quite low. 

The second qaestion concerns the effect of taking the most readily available 

protective actlori^ln respbris^ to exposure to a risk. If the Individual 

believes that taking the mOiat readily available protective action will result 
in a reduction in risk, theri the psychological state of arousal Is likely to 

subside arid the Individual Is expected to Iriltlate protective actlon^^ 

routine fasHlon. However^ the actual risk may well exceed the person's expec- 
tations, and the most, readily available protective actions may not be the most 
effective. Urider such cbridltlbris, arbui3al will riot dlmlrilsh, and the Indivi- 
dual may become preoccupied with finding a more effective escape routes For 
example, a building occupant who Is most familiar with travel routes used 
dally iri ribriemergericy irigress arid egress lis likely. In the event of S fire, to 
regard egress on thoSe routes as an effective protective actions On evacuating 
the buiiJing^ the 'person could find that a pbrtlbn bf this rbute has been 
reridered impUssible. The occupant's level of arousal should increase sabstan- 
tially, and alternative actions will be sought. 

The third question in the series concerns whether It^s realistic for a person 
to expect to find a better alternative action. Information necessary to answer 
this questibri cari coine from kribwl edge already acquired by ari individual, or from 
contact with other persons' experiences, from rumors, etci Defensive avoidance 
and t\i avoidance of environmental. events which increase anxiety. are most likely 
to occur when the iridlyidual has little hope of flndlrig a more effective alter- 
native action. The qccupant may purposefully "tune-out" life-threatening events ^ 
may attempt to pass on decisibrimaklrig bbtlgatibris tb other iridividuals Iri the 
immediate enviroriraent ("you decide, I Just can't cope"), and may attempt -to 
perform less stressful accions despite knowledge that such actions are likely, 
to increabe risk^ When ari bccuparit believes It is realistic to exp 
more effective alternatives, the individual is likely to initiate a vigilant 
search for these options. 

The fourth and final question is the most crucial.. It concerns the availability 
bf sufflcien.t time for cbnductiri;^* searches and evaluatirig riew irifbrmatibri. If a 
fire victim believes available time isinsuf f icient , "gariic" (e.g., s^iap Judg- 
ments; herd behavior) Is more likely to occur. That is, levels of stress ean 
become high enbugh tb Interfere with the perceptiori, mediatibri, arid prbcessirig 
of information. As a consequence, effective decisionmaking seldom results; 
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However^ when ait occupant does perceive that^j^pf f tctent ttme exists 5n whlch to 
carry btit^t he escape taiki normal yigiladt behavior is lllcely to cbhtihue and 
yield ef f g^tfve -•"copiHg patterns which result in successful escape. 

A somewhat, different decisibnmakihg strategy is pbsited based bh bptimiz^ibn 
osodels. These models emphasize the values chat individuals "^place on altBrnattve 
course of actions and. the subjective probabilities of success or failure of 
these alternatives* Such lupdels. suggest that during fires bceupants willT tend 
to choose^ t|iose egress strategies that yield the highest psyofrfthat are 
optimal) for the individual.. Payoff a_are* a Joint function o^^the values and 
probabi}.itie8 for each alt eraative. , Thus^ a person is likely' to ^choose the 
alternattvef that offejrs the best balance be tween^suc cess Itkftlfiood :; and risk i 
5f faiiiS^.' \ ^ ■ 

A special case of the optimization_raodel is a decislonmaLking s^trategy called 
••satisficiKg** iJJanis and Mann^ 1977). Satisf icing impllei that^ people do not 
necessarily choose the highest or best payoff. In some situations , b^^cause of 
the complexity of the alternatives or the stresses on the individual^ people 
will hot cbhsider all the alternatives but bnly a subset they ar^ able to hfiu*i- 
die. Under such circumstances* they are most likely to choose ci'lternatives 
they regard. as workable or satisfying.. Thus^ if a person in a fire emergency 
has a^ ah ultilnate, objective staying alive, ahy course bf action the persbh 
believes wiiiLmeet that objiective will be adjudged as satisfactory; Time will 
not be needed^r*8pent seriously evaluating alternatives to determin*^ the best 
option » as is implied by bptimizatibh mbdals of decisionmaking.. ' 

jUHpther special case involves elimination by aspects. Thi8_8trategy trea'rs 
selection and decislonmakl^ as ptpcesses 9^ elimination. F9F_*^??°'P^® »_? 
building occupant may chopie to eliminate one egress route because it has 
beeh blbcked by fire pro^uct8> another becausf it has become blbcked by other 
escaping occupants , still another because of Uhfaniiliarity , and & Oii. The 
remaining alternative is chosen. *_ ^ r ^ 

In^^mmaryy using current psychological models of human information processing 
to analyze pertinent behavioral. assumptions provides a useful « although some- 
wh^ cb-iplex, framework fbr evaluating Cbde^ prbviaibhfl affectihg egress strat- 
egy formation; In the n^xt sections of this chapter provisions and their asso- 
ciated behaviprai assumptions are evaluated in relation to specific findings 
^ported in the technical literature. 

4.3.3 As ses sment bf Behavioral Assumptions Based brv the Tdchnical Literature 

Literature .review . The assumptions presented in section 4.2.1 address the 
capacity' bf occupahts to rapidly ahd effectively prb cess and use in format ion 
about the location and function of egressways. The literature Preview revealed 
little substantive technical data-xlirectly relevant to this Is^ue. Nbrebyer^ 
although a number of time--ba8e^ inodels of emergency behavior have appeared in 
the literature (Bickman et al., 1977; Stahl» i978a, 1979, 1980) » only Stahl's 
computer simulation mbdel poF.tulates. specific mechanisms by which information 
about exits and egress paths is^' Applied to scrategy formation and evaluation. 
The review joil pertinent technical literature which follows here covers the 
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8tate-of-the-drt. Woo^ (1972), In a pbst-lhcldent' survey of more than 1,000 
fires, found a significant positive relationship between familiarity with 
pBrttcular means of escape and the actual uie of these elemertts. Specifically, 
Wpod fpund that about 93 percent of thosi respondents who Utt buildings during 

route by which tfe9 entered. However, Wood ^S research design 
and findings permit no inferences about how occupants* sought alternative exits V 
or fo^ulated egresis^ strategies*^ • ■ ' 

^ _ ii.. ^ ■ , 

Unlike Wpod ; (1972),; ^isman' 8 (1980) atuHy ot way-finding in buildings under 
nonemergency condititSns concluded that occupants* prior familiarity with a 
building probably accountsjor only a small portion of the veriatice ^£n success- 
ful completion of a way-finding task. Rather, the aiiplicitjt or complexity of ' 
• ^e building's layout appeared to be the most important variable in predicting , - 

r way-f indingsuccess. We^sman's f inaingssuggest two interesting hypotheses: ^ 
il) during fire emergencies , time spent formulating egress strategies is influ- ' 
enced^by the complexity of a building's layout, land (2) a person's general 
knowledge of a building, which may have accumulated over a long period of 
nonemergency building usage, may Include little information about eier^ency 
exit location. Similarly, in Huriuchi'i (1978) experimental investigation of 
exit choice in a Japanese depart tmeht . store, exit visibility was an important 
variable in egress foutev choice. Huriuchi reported thit the inost i^ediateiy 
visible egressways (in this case stairwells) were the most commonly Used by 
experimental subjects. ' ^ 

. - _ V - 

Base^ on Weismah' s arid l&riuchl^^ studies ^ building layoup ;Gdrafexity arid 
egressway visibility appear CO be the most salierit environmental cues affecting 
escape strategy formulation, Hbwever, the available technical literature does 
not Address occupants' kribwledge about emergency exit location and use, except 
for institutional and other occupancies in which egress trairilSg programs have 
been effected. In addition, any assumption that occupants Uriderstarid the pur- 
pose of horizontal emergency exits has hot as yet been emprici^lly verified. 

AsBumpcionsia section 4,2.2 focus on occupants' ability to determlrie the 
safest and most accessible escape routes during potentially stressful fire con- 
ditions. Again ^ fire research directly applicable to this issue ±s scarce. 
Wood s (1972) finding that occupants were ^nore likely to Initiate immediate 
egress action even when escape routes were riot clearly recognizable, for exam- 
ple^ seems to illustrate one manifestation of psychological stress dUring fires. 
Findings from research on erivlroriraerital stressors other than fire and ftbnt 
studies of natural disasters provide additional bases for evaluating pertinent 
Code provisibris arid behavioral assumptions. Examples of this research are 
reviewed below. 

Cohen (1978) postulated thlit in a stress-provoking environment, Uriique demarids 
are e?certed on individuals' capacities tb attprid to environmental and social 
stimuli. According to Cphen^ the nature of die effect bf these demands varies 
with the Intensity, predictability, and-contf ollability of the stress-prbducirig * 
agent. _ Recalling that human tn-ormatibri processing is analogous to a limited 
channel information network, a person exposed to a stressbr may be less able to 
process task-relevant irifbrmatlon because attention has shifted tb the stressbr 
or its source. Thus, features of the physical and social environments which 
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expended monitoring task-lrtelevant Input, the Individual will prsdeS fei^^ 
degrL'tlonf '"^'^ ^-^'^^^ Result In overall per fo^aace " 

" SLlnfE%ifrT"''*f "i^^ttempt to return' to a dangerous^ ^rea In a 
^ -. ^^^^^ ""^^^ personal pOsaesslon. The 

Item or ^ ^^''':''!''^ ^ "^^ ^^^^^ '''^^^ ''^ ancjctpated loss of the 
iiA^rt i.h-^ ^^^^ °c ^f^''""^'"^"': or gallt asidclated With, havihg. left the 
*lS.1ffr ? !^ • so dominate the Individual that Peri ls 

*ih"Ll"ourrhe""^J?o";r" ^r^y^' - ^^ ^^ ^he aU|r„.t«. .tr.t:gles 

o^lfload^'^cLltlK resulting fia« Inforrnatlon 

overload. Cognitive fatlgu^ often tharacterlzei Btfess-pr<|hicliJg situations 
Under these conditions, the^aaou^lt of Infbnnatlon that can^ effe't^"^f^ Sr^^ 
cSnrft'^ellrP'" T be^.^lsl4erably reduced, a.d lecr^ed perceptual and 
cognitive 'efficiency, have b'eib Soted. According to Saegert'. overload mav • 

^ rusl^lo^d'i^pll"'^'^-^'^'. '^^"^^"^''^ infor«atlon:"nd°aeclslort?^Stmul^ 
Aua oy«ioaa Implies the excessive stlmalaclon of the human henrAl flvpf^m 

pro^^s^L^c^s^s^^reVt^^ 'r"^'^'"^ °^ envlrSL^Sta^'i^JoS^tion f 

promjces excessive emotional aroosat. An example Is the high anxletv of An 

• Sfe. ^ts1r^'?lcr-'°^''°?"".^ r ^" stsS/"SclLon over-" 

loao results from IncrealieB In Che number of rMulred dprfs^nVia i.«>i vi.-^ 

JLn ^'^^'r^^^ ^"'^ P-rHcularly applHS'to^thf pjy^? ^vHtl^- , 

ii^H.^l-f (1976) suggests that as .the reaponse requlremehts Increase tor 
^c^^^l^^:.^^^'.^'^''^^''^^ e^ch'response t.nds " A 

hl^^r.^*-^- r -^^"Ponses result from declslQijs iade on the ''^ 

basis of Incomplete or-^roiieous evaluitlons^ When this leadsTo - 
responses. Elevated l^s of psychological .\rSs fof the indivld^allrr'^^ 

- - - - ' * . ■ ' . 

Saegert^s findings are ^Wllc^e to the sitU^tibn in which an escHDlns ' ' 
Occupant musl: fotmulaCe-S ioSpiex egress strategy in a tel^tlvety short tlSe ' 
related to '^^^^^^'f^^^-^ ^ich this l^Jlvlduai mast £e ISdi^ectiy • 
related to Che^ complexity of spatial network to be traversed and to the p^r- 

of dlcfsJons'uMv toV^'^e 'f'f* -"-^^^ ^P^^^f^etting^he numS^ 

decisions likely to be required may be quite hltrh And >tfo' nu^nw^ ^ * ^ 

^klng i«c.rrect decisions m2y be hig^ as w«l.. Sore erJjrs^re S^^^ ^ 

psychological stress increases . and the sourcps n? ^H^o *"^^_™°^» 

indlvldu.l.s attention. Degradellask^ rf Since ^r^hflo^ or^x^^ssiv^Jy^ 
scenlrro! ' e^a-^ation or, failure to evaco.te IS a likely 'outcome of thts^ 

^;"^^ =°"«'"^«=^'' "ay-*lnding experiments in public buildings and found 
that the uncertainty with whlgyT occupants perceived a route corfSlSed noil- 
tlvely with tlie quantity, of information individuals must process in order to 
^f^'^^'l^-^-'^^'^-^^ rou.e .o reach a predetermined' l^cltion wlJhIn a 
building. If complex routes require the person to process a greater au^htltv 
of information than Jo simple routes, complex routes' could induce It tSas '^ j 
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^bvetlbad with the result that information processing an4 way'-flndlng are ^ 
degraded. With mal^aptlve responses more liktfely, atre8| could tncrease .^nd 
this in tarn could result in a further deg'rada/tJon of tnfonnation processing 
arid way-find trig processes (Janis andSann^ 19775. W5uld_ familiarity with 
halldtng*^8 layout facillt^ate 8 '*^y'"^i5^^DS?__^?M™^*^ ' ^ ^ 

finding research indtcatea that even when a pe^aon intentionally aearches foxr 
§_ route ^ familiarity with tlie building layout does not pi?^d 19 1^ successful wk;^ 
finding. As discussed in chapter 2.0 of the present report, in an emergency 
situation, high arousal favora the petf ormance _of well-learned responsefi^i suqH 
§?_?^^i^8_^_ ^§'>^i?^i§^_*'P"te. But it also interfere with new I'ear^ing. ' Th< 
complex layout of a building should not only be difficult to learn under high; 
arousal conditions^ but it should further increaae arousal, this analysla^^ 
suggests that in buildings .with complex IvaybutSj Unlesa occupants ^a^^ familiar 
with fire emergency escape routea, the likelihood of maladaptive behavior* or 
uhsuccesful way-findirig duririg a atress-prbducirig fire emergericy may be high. 

Simon fl9675 andWeick (1970) view atreas asan interruptor ofprigoing behavior 
Eaaterbrobk (19t59) argues that hf^ levela of embtlbriil arousal are m^ 
tive of those cognitive tasks requiring attention to large numbers of cues or-* 
stimuli. Keiiey et al. (19655 presented experimental data describirig the^.. 
effects of potential entTiapmerit. Hblsti (1^70) reported experimental^ 
which auggest that -decreasing the time avai^ble for decisionmaking reaults 
in iricreased errof . rates,. When stress levels _were highi relat'ively few indivi- 
duals appear tb make fuy use- bf' available trifbtinatibri necessary In fovmulxtirig 
an effective tburse of action. ' „ : 

^..."^ _ _ . _ _ _ _ " 

that perceptions of time-to-eacape comprise the easentialt ^inducer of stress 
(pbssible mechariisms underlyirig^this pheripraeribri were cbosidered iri sectibri 
2.3.3 of the current report), /py^ ^^P.^^^^^^*^^ 
natural ditiastera^ reported that people devote considerable effort and. at ten- 
tiotf tb ihfbrmatibn gathering. However^ a study of cbinbat experience by Glass 
(1968) reveals th^t ander' life-threatening conditions persons capable of tnl- 
tiatirig prompt action on their bwri^ are clearly in the minority. ^ 

This section has illustrated ways in which emotional characteristics of fire 
situatibris may influerice impbrtarit cbgriitiv^ prbccsses such as decisibrimakirig* 
Consideration also most be given to the role of physiological stressors com- 
monly found in the fire environment. Chief among these is carbon monoxide (Cb)« 

centration within the blood CO has been found to have a detrimental effect upon 
Hcrisbry threshold arid reaction time ^ eapeclally after initial low-level expb7 
sure. Research on CO toxicity in rats by Petajari (1976) found that after 15 
minutes of increasing exposure to CO (up to A5. 9 percent COHb) , the Animals 
failed to perfbrm appropriately in a simple shbck-avbidarice test. Petajari 
argued that the failure of .the rats to perform adaptively cout9 not be attri- 
buted tb any. physlLcal breakdown in *;en8ory or motor systems^ but rather. was 
phased upon the ariimals' iriability tb prbcess arid integrate new irifbraatlb^ 
Petajan made no attempt to draw inferences from hia findings to the behavior of 
human beings. iri_ariother animal experiment ^ Carter^ Schultz^ tizbtte^ Harris^ 
and Federsen (1973) alsb poted that CO affected perfbrmarice bri discrirairiatibri 
tasks. " • A . ^ 

49 • ; ■ ^ 




studies bii the effect of CO on human cognitive function report conflicting 
findings. Much of this research has.addressed perforrnance on time perception 
tasks (e.g., Beard and Werthelm, 1967, 1969; Otto, Berilgus, arid Prak, 1979; 
fetewart, Newtbri, Hasko, arid Peterson, 1973)^ arithmetic problem solving <e.g_-, 
Schalte, 1963), vigilance (e.g.^ Groll-Knapp, Wagner ^ Hayeks and Haider, 1972; 
Fbdor and Winnekci 1972;_Horyath> Dahms and O'Harilori, 1971), arid driving per- 
fbnharice (e.g., Forbes, pill»DeSllva, and Van Deventer , 1973; Ray and Rockwell^ 
1970; Wright, Randeti and Shepard, 1973; McFarland^ 197.?5- Although a number 
of investigators report decrements In cpghltlve behavior at low COHb saturation 
leveliS^ others find no such effect. Stewart (1976) concluded that COHb satura- 
tions mast be above 5 percent to function as a stressor or as ah Inhibitor of 
cognitive prbcesses. He also ribCed that partial loss of memory may be the 
most obvious effect of 00 exposure. 

Thus there is little technical evidence available which directly supports or _ 
refutes behavorial assumptions underlying Code provisions oh (1) the ability bf 
occupants to process, atbre^ and retrieve Infqrmatlbri about; .the location and 
function of exits durtng^f ires, and on (2) the capacity of occupants to choose 
the safejjt and most accessible escape route uhder stressful cbridltlbris.^^ 
evei^, studies' Ih the areas of Inrormatlon processing, environment psychology, 
natural disasters, and toxlct)logy bffer substantial but indirect support fbri/ 
these assumptions and provisions. The remainder of auction 4.3.3 ffeylews the 
strengths Srid weakriesses of the available technical liter a tore, and comments 
fipon the extent to which cited studies are useful for evaluating prbvlslbhs 
of the Ccde^ 



• Strengths and yeaknesses of the technical literature . Behavioral assumptloris 
cbncerhihg th^ capacity bf builditig occupants to select^ store, and retrieve 
irifbrmatibri about the _^dcatioa and function of exit f acxlities involve the 
notion that occupant^ consciously familiar themselves with a building's ' 
egress routes and exits prlbr_tb the onset bf an actual emergency eventi None 
of the models of /ire event dynamics nor the field studies discussed above 

specifically addiess the validity of this hotloh. As ribted tar 

<1972) fburid that mbst occupants left buildings via the same means by which 
they .entered". This suggests that people do not generally search for hew 
routes * or_ egress strategies. However ^ certain aspects of Wbbd'^s research 
deslgri make his flridirig difficult to interpret in the present context. For _ 
example. Wood- emphasized single family and other relatively small ^^si^^^tial 
structujpes. It is likely that bccuparits were iriordlnately familiar with these 
buildlrigs , ahd with alternate movement routes within them. Wood[s research 
des^fn does not allow ah ahalyst to determlhe Whether the use of a single 
route for entry and emergericy egress resulted (1) from the habitual use of ^ 
this route daring years of occupancy, (2)_from conscibusdecisionmakihg by 
occupants durihg actual fire evehts, or (3) because small bii 
sirigle family residerices) offer relatively few entry and exit options. 

fiorluchi (1978) suggested bh the baifi^ of his experimental dats^t wKen 
subjects were completely anfamiliar with the experimental setting (ensured 
during his study 6y conducting subjects bllhdfolded to the starting pbsitlbhlri 
a bulldlhg) the visibility bf egress routes was'^ari essential factor in egress 
strategy formation. However, Horiuchl's subjects were -firefighters; they are » 
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ekpected to be more sensitive tb^brbblems of emergenc and to the 

IbcaC.lon of means of egress i Ke^^e, it seems inappropriate to genel:|ili»e these 
findings: to lay populations, thp usefulness bf Horiuchi's data are further 
clouded because his subjects tboK part la several experlfflental tasks in the 
same building. Their possibly increasing femiliarity wi;th the building's lay- 
out over _ time could have aff^ected their perfbnnarice on la tasks. The effects 
of familiarity weire riot cbftt rolled In the rjesearch design. 

Tbe psychological literature on ^jS:®^^'*"*^*^^^^- VO^^^ '- 

indirectly wlch behavioral ABBum^ff^hB concerning safe and successful egress^ 
route selection. during fire emergdfcies. Moreover i treatments bf this prbblem 
by enyirbnm^tal psychologists tend ^ to be theoretical rather tha^^ 
To dste» tjtfe re have been no field studies in natural settings as stressful and. 
as complex as the fire environment ._ As a resiU t^ inferences -from enyirbrimeri 
research bh way-^firidirig (Brorizaft, Dobrbw, arid O'Tfenlori, and 
Hagel» 1980; Weisman.; 1980) abc^t human behavior under actual fire conditions 
should be made with caution. On the basis bf Best's (1970) argument, that the 
degree of ambiguity arid uricertaipty of (arid therefore the amount of information 
obtaiaed from) building circulation routes affects the likelihood of decision- 
making errors^ it seems reasonable th^at the fewer decisions that must be made 
about dlrectibri and rpute^ the higher the probability- that occupants wilt make 
effective way-finding Judgments. 

The studlefi by Kelley et al. (1965), Jants (1977), Easterbrook (1959)^ and 
Simon (1967) reinforce the nptlpn that stressbrs brigihatlrig in the physical 
erivlrbrimerit Inipact can negatively (e^g.,lriterrupt) decisionmaking and other 
pertinent cognitive processes i At' present ^ however, it is not clear how such 
stressors prevent or inhibit the selection bf effective egress rbiitfes during ' 
-fire emergericies. It is clear, by ccjtnparison, that; they caused decisionmaking 
to consume more tlme^ Vne emphasis of Janis (1977)^ Hosti (1970)^ and jGlass 
(1968) on decisibhmakirig under stress created by time cori^ train 
the Impbrtat^CQ of- time, (more specifically the situational deteribratton yhtch 
may. occur over time)^ as a stress-producing agent. AlthougH this expetlmerital *^ 
work offers impbrtarit hypbtheife§ abbiit behavior du^lrig fires. Inferences from- ^ 
curreritly/avatlable data- to further building code development do not now seem * 
warranted^. 

Definitive Inferences to humans from toxicologlcai studies involving laboratory 
animals are not currently recommended. Petajan (1976) haa cautioned against 
applying results from these animal experiments to human behavior under nataral- 
istic conditions. Moreover^ the overall lack of consistency in currently 
available human CO studies weakens inferences and conclusions which might 
btherwise be gerieralized from this line of research; 

Neither standard cognitive tasks ribrwell-cbhtrblied experimental prbcedtt^es 
available which reflect the complexities of actual building fire events are 
currently. Until these have been carefull3r*^esigned_ and validated there shall 

remain a lack bf data Illuminating prbcesses by which bulldirig occupants 

develop egress strategies and select egress routes, especially under conditions 
typified by higher than 'normal levels of phys: logical and pflychblbgiCal stress. 
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SUMMARY OF GAPS TN THE TECHNICAL tiTERAtURE ^ v 

' . ^ ~ - 

At present few data cleSrly and directly support or refute €ode prbvlilpni 
reflecting assumptions about .occupants ' information processing capabilities Iri 
connection with emergency escape. The complexity of 1iuman_cbgnitlve functions, 
particularly. during stressful. and potentially llfe-threaC^fWjig even has 
^"^^F'^^M^^^^ly ^Iscpuraged fire researchers from studlng cognitive behavior i 
Moreover, many inveBtlgator8_8eem reluctant to cbri^ the cbghltlve and 
motor behavior of individuals during' fii^e emergencies^^ believing that studies 

"??"^™^??®"9>^g59yp_^^e^ flow^ and grb^s patterns of peaestrian . 

movement have thd. greatest payoff as.far as btiirdlng design regulatlbris are 
cbncerried (PaulSj2^1974; Seeger and John^ 1980; Francis andL Saunders , 1979). 
^^^'^^^r^^^^^®?^*! ?D_99gDl?lve psychblc^gy and bther areas discussed earlier . 
in .this chapter suggest a role for information selection and decisibhmalcing 
P^^^cesses within any time-based model /bf emergency Qscap^ Hence , ^afxher 
s^ody of cognitive processes in t^e ejfiergehcy context is Indicated .t 

>^^_®^^^pl®» it may be pbsslble and relatlvej^-^asy to measnre tha apeed with 
^^'^^^^^^ ^® and perceived.' Similarly ^ motor, reapbnse 

time can alsb be measured. However^ the intervening pr<^e'^we8 by" wffitch petr 
??^Yf ^.^"^^'^^^"^^"tal Irifbrmatlbn is incbrpbrated -lnto decisions and actionri 
strategies ±8 currently difficult to qtrpt^ this is especially 

true in complex and relatively ambiguous and ptressfal emergency envlrbnraerits 

l^^iyJ^^al switches between numerous decisions and strategies — both 
consciously and ^subconsciously— at various points during the escape task. ThuSi 
Caravaty and Haviland's (1967) equation for estimating life safety during fires, 

^ ^ ' . • U) 

suggests that an individual wilt re^h a eafe refuge if and bnly if the time 
r^M^l'^®'^ for escape j t^i, is equal to or less than the tttae required f orj th^ 

?®acn a critical bir untenable state, t^._ In i&any cases 
this equation may be difficult to apply accurately. The prbblem becomes^ more 
"bbvious when equatlbh (1) is expanded tb the form i 

where tg - time;, required for sensation of a stimullis from the fire envirbrime 

tg « time required zo become- aware of this sensatibn, ^ ' . 

— — - - - -■ ^f^' ■'—*-•. ■ ■• , ■ 

tj. « time required to becbifie ^waire bf the aehsatioa as a potential life 
threats V • ^ — ^ 




* Based bri pers^^nal coinmuriicatlbhs with Harold E. Nelson and Bernard M> tevln 
of the Center for Fire Research, National Bureau bf Staridardii between 1977 
^ and 1980. * 
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; te - time required to evaluate the quality and extent of the life threat^ 
ii " time requjrred to initiate effective actions^ 

" time required to fbllbw^through and complete actions leading to 
safety* / 

Research reported in this chapter suggests that the factors t^ and t^ are not 
now capable of being estimated ^th any degree bf accuracy* this chapter has 
also suggested^ morepver. that the procesaeS of egress^ strategy formation and 
reeulting escape ^haviors may not follow the linear-additive model Usplied by 
equation (2 )v; Rather, some factors may be more heavily weighted than others ^ 
and some elements of the processes may require repetition more frequently than 
oth-«r8 during a dingle fire event. Furtjier research must fo cos upon Che char- 
acterization and measurement of these processes before escape time equations 
such^ (1) arid (2) can be rputinely applied to build:ihg deslgii. ' 

Preier^rys^ere-is also a lack of useful technical iiifbrmatlon^irectly 
applicable to evaluating Code provisions and related behavioral^asumptibas 
reflecting escape roatfi choice beha^ . However* Inybstigationi of way- 

finding, environmental cue processing, response^to nrfl:ural disasters, and the 
effecta of stress and elevated, leVels of envlronmeritai toxicantB.dlgeussed : 
earlier in this chapter suggest a number of dlrectlbha fbr further research. 
Vor example, the capacities of indiyldaals to isake decisions uri^er highly 
stressfal condiyons^ and in ehylrohmeHts characteriited by elevated IfivSeis o^ 
CO, remain to be-axamlned in detail, the Reader will recall that Gl^ss .^1968) 
could not explain why approximately 50 percent of those dl^asfer victims- He 
studied were Incapable of making declsibhi , althou^ they appeUrefcspfftct^ntly 
able to perceive and process environmental information.. -^^^^^'V, " " 



Future research should empl^ a sophisticated postrlncident inierview 
technique (see Loft us., 1980? capable of revealing cbmplex route chbtce behavior, 
and of identifying brgahlzatioial^ social, and psychological attributes of the 
route selection process. In addition, field and laboratory experiments should 
be conducted to determine the influence of^rchltecttiral design and bulldlHg 
conf^uratton upon route selection arid way-fliiding performances Flnslly, future 
re^^arch should, wherever feasible^ strive to study the efficts bf physiological 
and emotional stress on route choice behavior. When practical and ethical xori- 
sideratlons render_the intrbdiictlbri of stressprbducing stimuli undesirable, how- 
ever, researchers may— within the Units of Inference—make prudent use of cur- - 
Ta^ss^ ^^^^^^^ CO-indueed physiological stress (Latles and Meriga'ri 

1979^ and on emotionally-induced osychbloglcal stress (koriat, Melkman, Avertll 
arid Lazarus, 1972). « ' - 

Because the stress-producing qualities of emergericy erivlrbriTOrits may influence 
the amount of time required by individuals to formulate egress strategies an<J 
select egress rodtes, the slgnificarice bf Stress as an experimental variable 
should not be underestimated by future investigators. Jariis- (1977) has poirited r 
out that to a certain degree stress arouses a person and increases vigilance to 
danger; higher levels of stress tend to interfere vrlth effective decisionmaking. 
Properly conducted post-incident interviews . with fire victims, possibly Iri a 
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P««trHa ^^^^^J"«; =^y:-'*^fi<l^ =l"es about the Snaet of stress-lndacea response 
e"r|e"cy%i^as^ decisionmaking aud choice behavior during 

y».5 SUmA RY 
J,\ . 

lo.t^S^^u,- "SS^ °^ HBBuaptibns about human information processing and 
t^SlT^^r^^'i^''^'''''''' fir- e=.ergencies,U.derHe sever.f provisions «f 
the Code. In this chapter, such assumpcions were evaluated by reference to 
models of cognitive behavior, as well as to data from recent p»ych^bC"«l 
research on way-finding b3havior,envlronmeneal cue prJcIs sing disaster 
thrfi'id ^"%;«^-«^- directly relevant technical d.talfre'to"' within 

the fiexd of five research Itself. Tal^en as a whole, available te*-hrt'rri 

ips'^ j-^^ 

or given ttre condlr.iocs. thes^ processes will ronsume come proDortlon at th^ 

will fr^'uenS'loL^umr " '^^^ ^" Jodg«.n.'ardlcLion.aI In. 

t£^- ? ^ - ""^""^ even;more time. Rjwever , a crucial eao In rarr«*nr. 

SlfSlr^enc' c^biUties^ of butldln. oclup'an'ts to effect 
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;; 

5?^ PROVISIONS AFFECTING DISCIPLINED EGRESS BEHAVIOR AND CRORD MOVEMENT 

5.1 APPLICABLE CODE PROVISIONS *^ 

_ _ __ : ■ 4 ' ■ 4'" ' ' 

S-2«i,2, i,3 _ No lock^ padlock, hasp, bar^ ehaln, or other device, or comblififiCljbri 
thereof shall be Installed br^^lhtained aq any time or_ln connection with Iny ^ 
door on which panic hardware te required by J^la Jgode if such device preNrenib*, 
or is intended to prevent ^ the free use of the door' for purposes of egress. * 
^3 > 1 > 1 The capacity of means of egress fo any floor ^ balcony ^ tier^^r (^heE^ 
occupied space shall be sufficient for the occupant ' load thereof. 

5-3^1 >2 The occupant load shall be t maximum number of persons that.ni^^^«^-^ 
in the space at any tirae^ as determined by the authority having J urlsdibti>5«>? 
^V^ shall riot be less than the number computed in accordance with the req^^^^ 

*^^?°"Sh^l^ ^D^^Yl^^V^l occupancies. (Where both gros^^ 

and net area figures are given for the same occupancy ciass , the groj|i3i ,«:Srfea J, 
. f^^S^^^ ^^^^^.^'^^Pplled to the building or structure as a whole* A'sepafate^ ' 
calculation Bhatt then be made for those spaces where bccuparit load la deter- 
miried ori the baals of net area and if the total occupant toad deteritlned on the 

^§8^3 .^'^^eeds that on the grbds airea basis^ the means of egress shall 
be based on the large occupant load figure.) 

S-S^L^ Where exits serve more thari brie flobr^ only the occupant load of each " 
floor considered Individoally need to be used in computing the capacity bf the 
exits at that 1 1 <5>r , provided that exit capacity shall n^t' be decreased in the 
direction of exit travel ^ ' 'r : 

5-3 . 1. 4 Wlieri mearis bf egreas from floors' above arid below converge at an inter- 
mediate floor, the capacity of the means egress frbm the point of convergence 
shall be no^ loss than the Hum of the two. ^ • 

^""^j^ ^^^^^^^^^^^^"^^ J^Q "^^Ja^ured on the floor or other 

walking surface along the center line of'the ftaturat path of travel, starting 

f "°??_^^"9^®_P9^':^*^ curving around any corners or obatructions 

with a one foot clearance therefrom, and ^ending at the ceriter bf the doorway or 
other pblrit at which the exit begins. Where meaatTrement includes stairs. It 
shall be taken in the plane of tliie tread ribslrig. 

5-7 . 1 All exits shall terralriate directly at a public way or at an exit 
discharge. Yards, courts, open spaces, or other pbrti<$ris of the *»xit discharge 
shall be of required .-Idth. and size to provide alt occuptnts with a safe access 
to a publ Ic way • 

Rc-aponsibliity for tti^ planning and condurr of drills Khali be 
aBBt^^ned only to corapeteht persbris qualified to exorcise leaderflhlp. 

In the cbridviqC of drills empliaals ahall be placed apon orderly 
evncunCton uiider propo Pv dlacl pi f no rather than tjpon fipcod aa such; no runnlnj^ 
or horseplay oHall be permitted. 
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i^^^^^'JL * I Every required exit , exit access aSd. exit: discharge shall be 
continuously maintained free of all obstruction*- br Impediments 5o full Instant 
use In the case of fire or other emergency. 

5.2 UNDERLYING BEHAVIORAL AS§tTOTIQNS ' \ 

5.2.1 Assumptions Concerning the Influence of Designated Leaders Upon Egress 
Time During Fire Emergencies 

(i) Specially trained occupants (e.g., "floor wardens*') assure that building 
evacuatloiia are effected within acceptable time limits and minimize the 
llkellhocLcfgfcf panic during fire emergencies (17-1.4.3; 17-1. A. A). 

(?)> During actual f ire_,emergencies where specially designated leaders are 
present, occupants usually take directions from tnese authority figures; this 
minimizes escape time (17-l.A.^ 17-1,4,4). 

5.2.2 Assumptions Cbncerrilrig Pedestrian Movement Under High Density Occupancy 
Conditions * 

^^^"^ °?J*_^^?'?_'***_^_^^oo tier or other occupied space 

which offers apotenti^ for high density use, the. entire population of the 
♦ ?P^^^ yiH^J^^act be evacuated to the outside or to a place of refuge before 

the level of toxicants In the space becomes untenable C5^3.1.1 throuffh 
5-3.1.4). y • 

(2) Once occupants discharge from a building, they will clear the area and 
not congest the discharge area; did^jbargihg occupants will propeed directly 
to public ways outside the building ( 5-7 . 1 ) . 

5.2.3 Assumptlbhs Concerning the Effects of Building Configuration and 
ArchtcecCural Obstructions on Efficient Crowd Mbvemeht 

'^^^ J^?^^?^^yB_^_^*^^_^^*^ural path of egress tr^el may be influenced bjF-f urnishtngs 
and other fixtures, occupants can generally be expected not to deviate from 
stralght-llhe paths (3-6.2). 

(2) The improper utilization of security measures Jr devices Increases the 
overall time required for emergency escape ( 5-2. 1 • 2 . 1 . 3 ) . 

(^) The full carryi^ng capacity of means of egress may be expected to be 
available at any time a fire occurs (17-1.2.1.1). 

5.3 COMMENTARY 

. 1 

5.3.1 Problem 

\ A niireber of Code provlslbnd are Intended to Increase the likelihood that 

^ cmerj<i?ncy cKreoH from public bulldtnKS will be orderly arid well organized, hnd 

that maladaptive crowd behavior during Wires will be minimized. Homan behav- 
ioral aaMampttons hypothesized to uriderlle these prbvlaloris address: (1) the 
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de^ee to which oQcupants will follow the Instructions of a leader or person In 
authority, (2) the ability of occupants to tolerate undesirable conditions (e.g. 
crowding) which may be present within egress ways during f Ire emergencies, and 
(3) the Influence of obstractlonr to ef f ectiy^ jMjjpd flow upon efficient 
emergency escape. 

jiariy Issues pertaining to crowd flow ln .r^^M^J:© social and environmental 
factors can be understood In terms of sdiMMKy^^^^^S*^®^."*^^®^^ group 
bo^^vlor. Several models are available whl^h^llucidate the Influence of group 
oi crowd phenomena uoonVhe behaVlor of individuals. The relevance of such : 
models to Code provisions knd underlying behavioral assumptions enumerated in 
sections 5.1 and 5.2 is cons^idered bftlow* .. . 

5.3.2 Underlying Behavioral Models 

Four social psychological models appllyfele to group ^Jwi^^^^^ P^^r^^ecfJfves 
on discipliried egress behavior and crowdTmoveraenf^Hith can be useful ln 
und«8taitding large-scalp einergency response phenomena tri 

These are (1) the outcome dependence model (Thibaut and Kelley, .1959) , (2) the 
imi^ratibri model (Bandura, 1965), C3)_the reward-exchange model (Hbmans, 1961), 
and (A) the environmental space model (following Halt, t966)» 



The butcorae dependency model proposed by Thl1>aUt_arid Kelley (1959) is b 
the^tion that persons experience varying degrees of confidence in the valid- 
it.y^Mhelr perceptions given times. Thus, an lndividual_or group can 
becoraf"^endeTit for information upon another individual or group, if the lat- 
ter chn improve the validity erf the former ' a perceptioirof_some event beyond 
the Ifevel attainable through other sources. According to Thibaut and Kelle^ 
information dependence may be -defined in terms of etcher actual experience or 
antrclpated (future) effettiS. In the case of anticipated ef f ects , a person or 
group seeking to! validate environmental Infbrmatiqn/terids to increase social 
interaction wlth^others upon whom the pefeon or group is dependent for 
in format ion. vfe 

Before conftiderihg an example- which illastrates this phenomenon in the oort^ext 
bf fire emergencies, sev^eral social psychological premises of the ftre^ emergency 
ivent will fiVst he i^ehjtlfie^ r _Sb^called panic behavior is more likely whfen^ ^ 
the time Available for^safe escape from a life-threatening situation i» Judged 
by an individual to be^^^suff icient (Jariis, 1970; Janis and Mann, 1977;_che 
r^der should' also refet to discussions presented in chapter 2.0 and 3.0 of the . ^ 
cUfreitt report). The onset of panic behavior also has been related to occupants 
expectations regarding the nature of social and phyaical interactions in antici- 
pation Of- and during the use of available egresj channels . Such iriteracttons 
can be cdSperative or competitive in nature. When occapants view one another 
as potential bbatacles to safe egress, for example, the likelihood of a so- 
called pnnic reaponse increaees. Similarly, to the bx5erit that occapants do 
not compete with each other fir access to nvailnble egress pathways, the entire 
group cbuld more rapidly and effectively exit the building. Thus, in sicaa- 
ttono where occSpanta view themaelves as iridividu>:la iinnf filiated with any 
larj^er groupvwithin the building, which can occu.^ in raultifaraily apartment 
buildlni'.a or fla -mercantile and' other public fricilitieo, then the onoet of 





iridividudls together in cooperative or compettttve 
relationships in regard to the use of available exit facilities. The impor- 
tance of fei^litating the movemcfnt of a crowd, particularly iri piib^lc buildings ^ 
ts andetsc6r«^y the possibility that large numbers of Indtvtdosl occupants can 
collect and either will compete for, or cooperate in^ the *Jse Of scarce means 
of egress . ' , _• *^ . 

i : . /• _ _ 

Previous Veaearch on ftre hazards in health care facilities i>rovides an example 
of crowd movement which 'can be explatned, tn part, by the orft^ome depehde^^^ 
model. Investigationt of fire?a in health care facilities have lof ten noted that 
during fire emerfjencte 9 , hospttal staff are perceived to be the legitimate 
authority figures by patients, visitors, and other transient occupants (Bickman, 
etai. 1979; Appleton and C^liggeh, 1976; Archea^ 19795. Even physicians f^o are 
not regular hospital personnel follow the authority of trained nursing . staff 
during hospital evacuations. • 



Another approach introduced in ctaptSr 2.6, i» the Im or observational 




^_ ^^^^^^^ihg.^yjS:xyday 

^nonemergency) events and actiyitie^i;^v^ The /tudividual might obsAcW that the 
other perabn behaves In a parctculat i^^erl, and that he or sH^ l^i'^j^sitively 
F^i^foi^ced for that behavior. The observed , pereon becomes a model for the 
observer, and the eriyirbgperital cues vrhlciS'fet; the Stage for a pafttcotar 
behavior from *:he model beco^ne associated irtji^^^^bi rat^d with. the 

model's behavior. Througfi a process o:f vicarltfu^^^fteltfforc^iiita 
V observer experiences the reward or punishment that happens to the model), the 

observe imitates the rewarded response patterns of the model whenever a similar 
set of erivirbnmental cues is introduced. Observation of a model can irihibi C an 
observer's performance of a model ' sreepbnse if the bbserVor perceived that the 
model's enactment of the response led to negative conseqdenc^e^ CbriS^ersely, an 
observer's Inhibitions abo ut p erforming a response can bd reduced If the model 
-y is observed being positivei|plelnforced (rewarded) for the behavior. 



During fire emergencies in public buildings i it might not be eaay J:o determine /^/^ 
who to pbserve. For example, while people dressed in uhi forms 6rs5ib«^ital 
"whites" can clearly emerge as models in certain types of butldtn<?L in public < 
occupancies such as office buildirigia or shopping malls identifying those who 
control repources can be far more difficult. Here, well-dressed business 
executives, desk clerics, bt janitors may be identified as appropriate models 
depending upon a wide variety of circumstances (e.g.^ the degree to which each " 
is known by, and is perceived as credibi.; to, 'other building pccupants) . 



Although the model is usually conceived of as a persbri. It l^so can be a group. 
\Kere, the grbup is perceived as a source of direction nnrtj^fer mat tori about 
safe egress during a ftre emergency. The case of a transleJP visitor to an 
bffice building is illustrative. The vtstcor, upon hearing a fire alarm signal 
and observing the mbyement of officb workers, joins the^Lroup on the assumptibri 
that there will be "safety tn numbers." However, this pfocess could aJ.so Inhi- 

vlaltbr from entering a usable egressway when other bccupnritH are 
observed t|;goring ^tt . i Data frbrh post-incident quest ionnalre^^ aSh^inis tered to 
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victims of the Thurston Hall fire CBryan, Mllke and DtNenno, 1979) Indicate 
that only few occupants failed to successfully evacuate the buildings 
refused to await rescue InJ^terlor refuge areas. Ihls 8ugges<f8 chat a semience 
of responses pe^crmed bvyibb^ occupants ^i.e_- movenient toward interior r^Sruge 
^9?^®?_?*y_^?Y^_?^4''?^y*^^^^^^ Individuals about the value of waiting In ah 
interior locarion ^mlfft rescued. 

The reward-exchange model (Hbmaris, 19^ Ifittd&uced In ch|Lpter 2.0, uses 

the basic concepts of economics dnd of instrumental condltlooirig to explain 
face-tb-face Interactions among Individuals. Accbrdlngto Hpmana ^ interactiph 
among Individual^ wjll continue and be positively valued so long a 
ipants receive more rewards (benefitia) than punishments from the interaction. 
P¥^_4^^^r^?^'^^y» Interactlohs that partlclpahti find profitable wixi continue. 
Punishments can be direct (e.g. » being cheatiay' out of money, b or 
ihdlre|w%i unavoidable). _ Unavoidable punishments , which Romans calls 

99??® » 1?^?^^? to the fbrgbhe value of ah activity. Whenever the psychological 
co»t-beneflt equation shifts toward unproficable Inceracctohs for a participant, 
that person io more likely, to choose a different course of action^ one that is _ 
perceive^ as rabre prbfltable. Thus, cbthpetlribri can arise a^hg Individuals if 
one person's activities results in hlo or her receiving more than coheir fair 
share of rewards or if their activities result in reductions of rewards to 
others to unprofitable or unfair lei^ls. 

The relevance bf the reward-exchahgff model to behavioral assumptions underlyin*^ 
Code pl^vtslons affecctng disciplined egress behavior and crowd movetneht is 
Illustrated by anecctotes. Accounts of the 1903 Iroquois theater fire indicated 
that some exit dbbr^ were either locked or .were otherwise ilToperable (Fby and 
Harlow, 1.928)i Obstacles resulting from turns in stairway^ were also reported 
to have caused the* trerapllhg of many victims. tJuring this/ fire events normal " 
qaeaing behavior by theater occupants apparently gave way to '*survj.val at all 
costs'* behavibr._ In other words^ physical impediments to orderly evacuation 
(resulting from locked dbbrs , turns whicH harrowed the exit chahhel^ or from 
*^faileji personB) may have led to the belief chat queolng would not produce the 
desired reward (safe escape) and could resu|jt in the ultimate cost (death). 
Lacking perceptions that would support cbdrdihated actlgp, members bf the 
audience acted independently, each trying to minimize the risk to his or her 
life (i.e., trying t:b' reduce their possible loses) ^ resulting in a desperate 
competition for access to egressways under severe time cbhstraihts. 




T^9_tbward-excharige model la als Ih uhderstandlhg altruistic at 

heroic behavior reported in the fire literatare. For example , ^see'Bii^ri 
DlNennb's (1979), discussion of the Georgia Towers fire. It may 6te argued 
Chat those who engage in altruist!^ acts during fires are ihvbklhg 

what fiom^n's calls rare costs, costs wHich increase a person's worth because 
sb few pebple' can -experience these rar* cbstf. In this Nsende^ having 'Experi- 
enced Che rare cbst of risking onc's^^fe fbt' ahbther, bhfe carhs the cbramehsu- 
rate rewards of being Identified as a hero and receiving adblatton from' otherj>3. 
Ifowever, thcj reward-exchahge model also suggests th^^ a wo^ld-be re raay 
not betlovo a situation is a eerlous risk to life, otNmJy find risk-takihg 
itself rewarding. Otherwise the risk could upset the cost-benefit eqaatton in 
favbr bf hbt Helplhg ah ehdangered victim. * 

/ ^ 59 " . . 



The envlron^ntal space model (based on Hall; 1966) developed from scadieB of 
animal and human terricpriai behavior^ This mod_el focuses on_ the appSrenC need 
of individuals to lay claim to certain areas. This need has been expressed in 
^ two forms: the need for personal space and the territorial needi Personal 
space is usiially defined as an area with invisible boundaries surround Ihg a 
person* i body into which rib one may irit^ru^e* The size of this surrouding "bub- 
ble" varies betwe^sn culturgl gropps and for different persons and sttaations in 
the same culture* By _ conXjrafft ^ terribrlality refers to the need of individuals 
arid groups to lay claim To^some- geogr^ _ 
are fixed, circumscribed areas access to <and the:use of which individuals and 
groups have the capacity to control. Personal ^p^ce^ which is soinethirig the 
petBori "carries around is sometimes called a portable territory (Gutraan, 1972) 
When applied to thestudy of human spatial beha>^ior, the _con6epts_ of personal 
space arid terrioriality aid in bur liriderstandirig the erivirbnraerital f brms by ^ 
which individuals protect their idlosyncracies and resources and project their 
identities* , 

Indeed » distancing behavior serves important, physical and psychological 
purposes* The distance between persbrisjbr between a persbri and d physical 
^bject, is an important factor itt the ability of the individual to properly 
perceive objects in the environment* Such environmental data, is crucial to 
^ effective riegbtiatibri bf tne eriyirbnmerit • But important psychological pro- 
cesses arevbelieved to govespn distancing behavior as well. For example, dis- 
tancing appears to vary as_^ function of an individual • s role in a given sett- 
t-^S*_ size of a person's personal spfc^ "bubble" is ^^teriniried in part on 

the basis of behavior patterns normally associated with carrying, out a role. 
For example^ the spacing between a lecturer and a large audience differs drama- 
tically from the distance* be twefcri discussants participating in an irifortnal 
seminar. Similarly, 'subway passengers typically seek to avoid _ physical con- 
tact with fellow riders until the, trairi becomes quite crowded (Ittelsbri et al., 
1974). It. also has been found that in addition co protecting their own per- 
sonal spa^^s ^ individuals are_ frequently ireluctanttp invade thCvpetsonal 
dbtnairis of bt hers (Hbrbwitz, D^iijf f, arid Strattbri, 196^ ). ' Mbrebver, as already 
noted, there are caltaral differences in the size and role of.persdnal space / 
envelopes . , ^ 

The compatation of permtastble occupant Idads in baildi^^ is based, in part, 
upon the anticipated capacity bf means bf egress. Cbde prbvisibris which spe- 
cify rates bf flow for various egressway elements are typically bas#d^ on 
assumptions about the average area occupied by pedestrians^ and ab^uC^: the unl- 
fbrrait^y bf pedcstriari mbveraerit bver sbrae time peribd. Uriless a buildirig is 
•relatively sparsely occupied at the time of a fire outbreak, however, emergency 
egress by individuals is likely to involve sprae-'degree bf social anrl physical 
interaction with other persons* As the populatibri of a building increases, 
moreover, the potential for infringraents upon.eaph individaaL's personal space 
envelbpe duririg eraergericy egress alsb iricreas&s.. TWo questibns are relevant 
here: (1) What amount of personal space reduction ,^1.1 individuals accept 
during fire emergency conditions? (2) What are th^fiflects of. personal space 
irifririgment upon rapid and brderly emergericy escape? Saegeirt (197i3) repbrtfed 
that as the number of persons required to occupy a given space increases , the 
complexity and uncertainty associated with the event at hand increases ^ while 
the ability bf iridividiials tb brgarilze thfeir behavior decreases. Saegert' aldb 
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noted that personal space Infringiiehts reduce behavioral alternatives available 
tp individuals. Farthennore, reduc1i<rv freedoin bf choice combined with anavoid- '. 
able social and physical interaction among persons, results ih decreased cogni- ' 
tiv« control over the situation by an individuai, and in a^eneral Increase in 
psychological arousal. Thu$ individuals who cannot accept prolonged infringe- ' 
ments of personal space. may revert to simpie^, more reglmerited_ behavior patterns 
and may find individiu.lXy determined and flexible behavior patterns to be 
somewhat problematic; _ 

5. 3,3 .i^essfflent of Behavioral Assumptions Based on the technical Literature 

tlteratuVe review . Assumptions^in section 5.1.1 address the degree to which ^ 
occupants will follow a perceived "leader" or person in authority daring a ftre 
emergency. Available technical Itteratare provides considerable Support for 
the notion that individuals and groups will tend to follow^ the lead of a per- 
ceived authority figare. FUfein (1976), in a laboratory ^periient designed 
to siu'late egress from a theater fjom whtchonlyjirie narrow exit was available, 
fobnd empirical support for the hypotheses that groupa lose coordination under 
conditions which personally threaten the mlmbers^ and that a group under stress 
, wll perform best in the presenc^e of a strong leader (initially advanced by 
Kelley, et al., 1965). Similarly, Glasi (1968) i^^ln his studies of mass psy^ 
chology^ noted th»t as many as 50 perpent of participants in large-scale 
disasters are willing to follow the lead of others and' t^ respond to the 
directions of some authority figure. Moreover, McLuckie (1970) reported that 
upon being warned of an im>pending crisis, individuals terided to telephone 
"signtfteanC" persons to settk recommended action strategies . 

Under conditions of stress and impending life threat, individuals who are 
regarded as "knowing more" may^ by consensus of o^er\ persons pfeaenty^be given 
decisionmaking authority over ^hd group (Quaranterii ^d Dynes , 1967jf _In 
support of this finding. Best (1978) ^ in his review of cj^e Beverly HllprSupp6r- 
Club fire, ccncladed that the majority of patrons responded to and followed the 
directions of waitresses and, bartenders . Yamada (19Hl;^ugges ted that when 
. bewtlderTnent among victims becomes e^ become docile arid take 

directions more easily. Although Klein ( 1976) rioted ^he key role played by ' 
leaders in achieving safe egress fnom a simaiateiJ theat'er fire, Quararitcll^^ 
and Dynes ( 1972 >, Form arid Nbstbw C1958), Pritz and Wiyiams (1957) and Drafek 
(1968) all found thaj: during targe-scale natural disasters yictimff' typicallt 
do riot wait for an authority figure to_ provide dtrectlonj they^teri<|' to react^ 
immediately; attendUg to their own well being and helping ot>!r8 ^arby. 

A stgnlflcant^rid f reguerit pheribraenbn is the emergence of a leader who "getf 
people organized" durtnTg the early stages bf a disastar (Killian 195A). 
Numerbua^^o^V^ by Bry^n (1977) of fl^'e episx)de§ in nursing 

homes also ^ovlde evidence suggesting that patlen^ and physicians alike are 
willing to t^e directions from more knowledgeablarsfdf f (e-K*. nurses or 
brderUe8)t . Kvidence from po8t-i,r^l,dent stadtes 6f hospital fires reported by 
Lathrop (IS78) corrobbrates these ifindings . But When no leader is perceived 
to be presep^iti Individualj; tend to seek inforraatidri frbm ^Dther nearby people 
e&ux/ C/inter , and .^Ime (1976) reposed that during, fires 
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the influence, of crowd behavior on individuals is summarized in a report by 
Johnson, Steinler and Hunter ( 1977). Results of research in this area sugKesC; 
that groups are more willing to tolerate higher levels. of risk' than are indivi- 
dual decisionmakers. Studies on altruistic be^ (^'§tarie and Parley, 1968; 
Pilaviri, Radiri arid Pllavln, 1969) demonstrate rather clearly the potential 
influence even small groups can have over an Individual's behavior. 

" j\ _ __ _ 

Behavioral assumptions in section 5.2;2 tiiiderlying Code provisions on occupant 
loadingcan be evaluated using ehvironmehtal and social psychological research 
bri density.. Tor example, Saegert (1978) iriveacigated *'eogntClve overload" i an 
hypothesized result of forcing an IndivtdMal to process more environmental _ 
information than, is psycholbgically poa^ble. Saegert rioted that in crowded ' 
situations with little or rib social struccure, the likelihood that an indivi- 
dual's goal-directed behavior will be interrupted may be quite high. Saegert ' 
further noted that iriterruptlbris to goal-directed behayibr frequently leads to 
either f rustratlorr arid aggreaston, or to withdrawals Bxaaples of envlronmenta'l 
settings with relatively weak social structures ihclude shopping malls'and 
theaters. - - ; ^ *^ 

■ -(►'■".■ 

In another study, Scegert C1974) found that inescapable Interaction with large 
numbers of pebple Iriclreased arousal nithln individuals. p*atrl (1975) reported 
a concomraitent elevation in blood pressure under such conditions. Other inves- 
tigators, have suggested that the magnitude of physiological cbrisequerices of 
Inescapable crbwd irivblvemarit deperi^ls upbri the period of exposure arid the per- 
ception of escape or control alternatives' (Averiil, 197S; Kahn and French, 
1970; Baegert, 1976). N'eV^ttheless * elevated arousal has been shown tb Iritej:'- 
fere with cbmplex Iriformatiori processing reqatred to discern changes in the - 
environment: (Broadbent, 1971; Cohens 197$)^" ^ " 

While the literature suggests that, under certain conditions, effective leaders 
can facilitate orderly emergency egress^ there*is almost no technical documenta- 
tlbri bf emergency experiences duririg which specially trairied leaders (e;gr. , 
"floor wardens") were available within various pabllc occupancies. Available 
research on this topic ^ moreover * has cast doubts about _the effectiveness of 
specially trairied occuparits duririg^ cjtsls sltoatlons. For example, although • 
studies of simulated aircraft evacuiEcjons demonstrated theneed for specialized 
crew hrairiing^tthey also shbwed the"Wna<i^quacles bf much ^bf the training prb- , 
vlded aircraft emergenc}^ "leader's" (Mason^ 1974; Becker ; 1973; Garner arid 
Biethrowi 1966; 1970). Wlt^ regard to buildings^ Koytman (1969) suggests that 
special erne rgericy- re lilt e'd ^^spbrislbllltfcsa^e all ^^?^i^ip?^_9P^yp?^tR . 

Pauls (1977, 1979), on th^ other hand, fcrlticizel* the usefulness of trained 
supervisors in office bulp,dir.gs^ noting that assigned floor wardens tended to ' 
be pbbrly trairied arid to perfbrm iricbmpeteritly duririg firg drill . sitt^atigrib:.^^,^/ 
Hertz, Edelman and Bickman (1978), examining differences between various rad^xJitSV 
bf training nursing home staff « personnel , cbriciuded that in many cases such 
staff ,^ere uri familiar w^th exist irig fire emeVgenc/ plarw. However ^ thesg^ irivee- 
tigatO^ra also found that training did improve tt^p per£drmance^f nuf sinjjTfi^ime 
staff-^.during evacuatitrivdrlllSj although this effect w^s^ribt afs strbrig as-aritjt- 
clprtteji, (this may beyifue to the oxtretaely High staff turnover at such ' 



institutio.is) . 
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Such factpre as environmental condtcton§>z f ype of dldthtng i^orn, cal coral norms 
the sex of bccuparits, fcd the degreeof familiarity with other people se^m to 
Influence the spacing requljrements of an Individual (Horowitz, I>uff end . 
Stratt(»n, k$7d; Evans, 197^). Ciblek (1978) attempted to suggest specific 

arid dlmerislbris fir interpersonal spacing ^ concluding jyi^^personal 
space needs increase in settings which are unfaSiliar to the iridtii^SBR as well 
as in poorly, lighted areas^ Similarly, Shiffenbader (1977) noted t^W 
^n^I^ased iiyimiriatibn appears to decrease feelings of being crowded in a room. 
Evans (1973) and Pauls (1974) have suggested that individuals might require 
more personal space under emergency condicionsi Others have argued, however, 
that ot)8eryed increases in 565^_P^Fl9 apace required duririg evacuatibris may 
be due more to faster walkingTspeeds' than to underlying psychological need^ 
(Cariter and Matthewsi 1976), 

' i 
Suggestions also appear in the literature that personal space needs daring 
emergencies vary as a fuiictib^i bf the «^ombgerielt:y of an occupancy CCant^r and 
Matthews, 1976) and emergency preparedness (Rivers and Bicknan^ ^9*: 
over, research bn pedes triari'moveineryt by Fruin (1971) has'sh<5wn that as 
P^"^_§^*^?^_^Z ^^St^aiSes in a given pedestriari way, pebple are rabre likely 
reduce their longitudinal (front-to-back) spacing than their transverse 
by-side) spacirig. Unfbrtunately^, there are no available data describing the 
effects of personal space var^'a&^ris bri the time required" for evacuatibri* 

Other assumptlbhs Ifi section 5.2«2 l^pJlve the nbtibri that uppn reaching a safe 
^area, asaally outside fhe i>ulldlngj f scaping oce^anti? will clear the crea arid 
thereby not hinder _ the subsequent evacuation of _ other occupants. No* studies 

^^^"^/^^^^cWy* Of some relevarice, hbwever^ are data describing 
re-entry Into burning buildings by evacueesi For example. Wood (1972) found 
duririg his pos t-lncident Survey that about. 44 percent the fire victims lie 

J^"^: ^"^^<iirig after having evacuated r Similarlyi^ Bryari 
(1977) found that approximately 28 percent of those victims he surveyed also 
re-entered. Morebver^ Bryan ( l977)_repbrted that re-entry was more typical of 
mate than of female^ fire victims. There is presently rib eviderice, hbweyer^ tb 
suggest that re-entry into burning buitdtngs by victims interrupts or otherwise 
blocks other Iridividuals v/ho are afcterapting to escape. 

Behavioral astuiBpttont In section 5i2i3 addresj the potentially inhlbttory 
^ff^cts of buii^dirig cSnfiguratibri and en obstruction on safe and 

efficient crowd movement. Melinek and Booth (1975) found that Tferids and cbrriers 
<iid not appear to reduce flow rates on stairs* , Moreov r, the.toldon Transnort 
Board (1958) found rib evidence to suggest that queues bf pedestrsans fprnied a^. 
bends or at other changes in , pedeptrlan movement pa^Jis. However^ the London 
Ttarispbrt Bbard did find that irinpr "Constrictions in passageway^ tended to 
incre^iBe overall travel time. This finding was riot cbrrbbbrated by Melinek and 
Bbbth (1975), .who argued that ; slight projections into pedestrian ways, such pb 
^^9?^_P??^^9^*^^y^9^*^s being stbred in a hallway ^ tend to have little effect 
upon pedestrian flow rate. In 'smoke-filled eriVironmerits , walking speeds were 
recbrded to be lower at corners ^han they were along linear portions of an 
^^P^^^?^*^^^^ P'^^^^^^iari way (Watariabe, f?ayukl and Torlzakt, 1973). Similarly, 
Weleraan (19Bb) suggests that even when occupants are familiar with a buildirig, 
sbme architectural cbotd^turntibris may be so complex as to induce confusion and 



a- cbncbnunitent reduction in walking 8peed_aC_8uc^ decision points as corridor 
Junctions^ Finally >Sada 11a ^rid Magel (1980) cieraons crated experiraeritally that 
as the number of tarns , or bends In a pedestrian path was Increased, subjects' 
perceptions of the time required to negotiate the paths Incr^sed as w^ll. The 
Importance of this finding cou be substantial, particularly when one recalls 
that perceptions of time have been foand to be linked with the onset of so- 
called pahlTc behavior (Janis^ 1977)^- ' . . ; 

the available technical '^iteratare contains no docdraentation of t inhibtttons to 
crowd flow caused by security prcibedui^^es o^ by ^hjB lmprope|r_usQ of security 
hardware in buildings. Hbwever^ anecdotal Accounts of j^^hg 

fire^ the Triangle St^rtwaste factory fire ;?and other morje recent tragedies 
provide ample^, evidence of the potential for panic* and for ^the crij^hlng of' 
occupants attempttiiK to escape^ whisih may result t^rotn Idckthg, means of egress. 

-'^ - - '- - - -■- -■ ^\-' ■ - - 

T1tuff% althbugh_ considerable technical evidence can .bc^/cltred In support of the 

assumption that building accQpants will follow the dlteictioris of a leader or 
authority figure during a *^f ire'^emergency ^ the?:e-ls very little evidence that 
-leaders wil^i;^have b trained in emergency escape procedures. Moreover, 

wh'Jte thfer6 ts a''jferowtng body of evidence concerning the role of personal space 
Irh groups behavior arid pedestrian mbyemerit i the relatibrifijhip, between _ personal ^ 
•space variatloji and building evacuation time is presently little uriderscotld. 
Tec^nic^i evidence HToncernii^ the behavior of occupants upoj^ their evacuation 
*frbm burriir^g buildlrigs arid r^gardlrig the effecta of physical obstacles 'bh crbwd 
flow is tiot now sufficient to permit an analysis of applicable behavioral 
assumption':; or their antecedent Code _ prbyisibns . The weight of anecdotal evi- 
dence *cbri^erning the injpact^of security prooedures and the improper use of 
security hardware in baildings upon crowd flow and panic: behavior , however, 
4^068 appear sutf icie.rit ta support related behavibral assumption^x^nd provisions 
of the gode . * * ' * ' 

ftrcngths and weakriesses of the technical l:iteratiire _. In general i currenfe 
kHowledge about whethei ot not occupants foyow the lead individuals per- 
ceived ifo be In authority during fire emergencies cbmes f^fom post-inctdent fire 
irivestigatioris. Results oF riumerbus social psychological experijn^Ts^ 
slstent with this finding, as are several theoretrical pbsitlbrisV Examples 



this research were presented .above« The literature on natural dtsast'ers tends 
to stress the emergence of ^adL'-hbc'^liaders, and this cbricept may bnly bje usefuK 
in relatively ^argg^^s cat e . bo tiding fire^^bf long duratibri^^ 

eritl^ available evidence bn' the dependability arid usefulriess of specially, 
trained emergency raanafpers (e.g., floor wardens) does not gerietally suppi>rt 
the assumptibrii presented in sectibn 5.2^ that Lhe presence_of such individuals 

9F<^^'"?:y_ evacuation. Pauls' (1977, 1979) flridlrig that 
many occupants were unable to obtain needed information from floor wardens dur- 
ing Evacuation drills is relevant tb thip argument iparticulariy in view of his 
additlORtfl ^f.inding^hat many bocupSntt believed the drill situatibris to be 
actual ;£4^-e events. Substantial differences bfetween building and ig^cr^ft 
evacuatibno , however , terid to make the aircraft studlcS l^p^s useful- t:q_ the* 
evaluation of bdildtng regalations. THe anecdotal nature of repbrts abbut 
leadership qualities displayed by waiters- and bartenders during the Bevefly 



Hills Su^p^ir. club Fire (Best^' 1978) render generaljLzatlons other thaK informal 
ones untenable. ' . ^ >^ *" ^ - 

Psychological studies of density and crowding were discussed _ in conoection with 
provisions of tlte Cod^/ whlch bear on occupant, loading In public buildings. 
Although increaraed emotional and physiological arousal have, been reported ta^^ 
accompany high density crccuparicycbriditibris^ It Is riot kribwri whether such , " 
increase a in arousal will inhibit ot stimulate vigilance during actuai fire ' 
emergencies. In addition, the^ importance of personal space, and its pre'fcise 

emergency egress performance , remain little uriderstbbd desp^ite state- 
ments by some researchers (Evans, 1973; Pauls, 1974). For exampl^, experience 
inla large metropolitan subwa^^ system seems to suggest that mpst^ individuays : 
will tolerate an extremg los^ of ^personal space prby IdeS^ tffl^Kcorid 1 1 Ibn^'^'S. 
perceived to of ' short temporal duration and provided movemo^t toward some 
goal is apparent'. ^ J * 

Almost no technical data are currently available to evaluate the assumption 
that upbn e^^acuating a bulldlrig occupants leayii the discharge_area_. The most 
tangible evi^nce ^jlt^reserited by Bryan (1977V and JVbod ( 1^9 

upon re-entry behavior^ by evacuees. However , extremely few Of the cases inves- 
tigated by these researchers Involved public occupancy buildings, ^torever ^ 
neither investigator documented the influence of re-entrants iipbri the egress 
performance of other evacuees. 

Crowding, occupant density, and. thev^tential^^for panic ate also ^levant to 
behavioral assumptions-underlying Cpd^ pr oylg i^s^^ irt etrd'ed ytoj Limit projections 
and other physical bbstacles in Fji n UjjT "^L'JloCSffBBfl^ there^ajre riot eribugh 
d^ta to permit an evaluation />f these a ^^^of^^^yS^M^^^^ research on Indi- 
vid yals' percept ibns of traversed dlstah^Si^^p^^^S ajo^^ Magel^ 1980) may 
assist in Evaluating the assumption that ^Mjrln^JE^l^ emergencies, escaping 
occupants tend to traverse linear route^i. For exaxaple ,^ Sadalla anef- hfagel 
fburid that individuals perceive paths witll berids arid tilrris to be longer than 
linear paths of equivalent length; If o^€^ wlishes to assiii&e that, under 
emergency condit Ipnsi _ people conscioasiy/aeek the shortest' known: pathp;;^ theifsi 
Sadalla arid St. Mtfgel's firidirig wbiild appear to suppbvt bbth the assuiiptibri 
and its antecedent Code provtstoni It shoatd be kept tn mind, however, that ? 
no research on either distance perception or linearity of pedestrian movement 
routes has been conducted under conditions designed £b simulate (liri^dirig fires. 

The assuiipt'ibri that egress ways iri biitldirigs^will be .maintained fully available 
for instant use in case of fire emerg^f^ctes , can not be evaluated because inhere" 
are no technical data on this topic. Although some anecdotal accoants h^ve 
suggested that the stbrage of bbxes, etc.,, wlehlh cbrrldbrs br stairwells might ' 
have little effect on egress flow or escape tlis^, there\are currently no 
empirical data to either support or refu:^e this notion. ^ ' 

The available literature ort potential c^fltcts between emergency escape and 
building security obiectlves consists almost entirely of anecdotes Snd teports 

• _ _ ^^^9'^^! security procedures cbiild have made ehiergqricy escape . 
very time consuming , even impossible , during numerous fires reported tn^ the 
press. It is precisely such events which .have given rise, over the years, to * 



public corcecn ^oQt poCenttal cdnfltcts between emergency escape and security 
goils. However j no systematic investigations of |:he mutual effects of emergenc 
escape requirements and build irig security prbcedtires under real or simulated^ 
emergency coAditions have been conducted to dat^. In vieij, of Che likelihood 
that there are numerous impedim^ts to speedy "fcgress movement: , as well as 
nomeroos sources of maladaptive behavior during building fires, it Is important 
to determine what aspects of ►the problem. are actually attributable^ to the imprb- 
P^^_ §>pi^™^^t^tlbri/i9| -Security procedures. At present ^ however , _t)ie lack of 
tect\mLp^ data on . this tbpic jnakes iSuch a deterinihatibri Irapbssible. 

5.4 SUMMARY THE tECHNICAL LitERAtURE ^ 

5.4.1 Research on the Ef f ectiv^ness of Trained Leaders tn Facilitating Rapid 
^ ^ . ' Emfergeiicy Escape and in Avoiding "Panic** * -^"^ 

•» ' . ' • 

The riot ion tlmt ^ ^^rlng simulated emergencies and large-scale natural disasters, 
',' . Individual's *^eridt a Ca^ firbm a perceived leader was amply illusr 

t rated by ^lAborator^ experiments and case studies desetlbed In section 5.3.3. 
Hbwever^ tne degree>tb which this phenomenon ""occurs during, building' fires can- 
^ not be accurately stated on the^ ^sisof currently available technical results. 

* tb^ais also true' of the actual' effectiveness of , trained leaders during^ j;eai 
fire^si tuitions. The principal r'efeson for ,th|&se gaps, is that , to date.^nq^^po^ 
Incident 8 tucf^^es^ specifically designed to Assess the leadership furictibri hSve 
been Ifep'orted.^ ) ^ , - > 

^ ^; II • ■ : ^ _ ) L - - - . 

/ Human. reD pons e 8 daring f Ire ^mejtgencies coraprtse a highly' cbraplex area fbr 
pbst-Moc research. A substaffffial. proportion of this complexity owes" to the 
9^?^^^°? ^^y^s'^igatbrs tb successfully distinguish truthful and accurate answers 
,^^^>t^ tfieic inquiries from answers respondents may fabricate fbr fear bf "Ibbkirig.*^ 
'bay or 13^ecoraing involved in legal actions. To a certain degree, such dlf f tcut- - 

°y^?99?^^^y^9™P^'^^'^S and crbss-checktrig the resjpohses of .numerous 
'victims, or witnesses to the same event; In tl^is way, it may ]^e pdi3i3ible tb 
% converge upon a reasonably accura'te description. of the actual event. Special 
'y^ techniques for obtaining and using ihfbrraatlbh from eyewitnesses have recently 
. been developed for use in police and courtrooffl Investigations (tbf tus^ 1980) , 
jpbid these approaches may be useful in the preserrt: context. 

It also_ should be' noted that although behavioral assomptlons concernirig 
leadership arid dtrectlbn-takirig appear tpjbe gerierally jupported by available 
technical literature, situational variab^s affecting JBIse pheribmeria have not 
been widely investigated. For exarai>ie, bating and toftus ( 1974) recoramended , 

^^^J^^^^'^'.^^ J^!^?^? r^'3'Barch , that female voices be used for certain portions 
of messages delivered by vocal^alarm systems, while male voices be used. fbr 
9J^^5_.?*^8^"^^rit8. Th^;6e Irivestigatbrs noted that the female voice is less likely: 
to agitate occupants and cause pariic during arid la rabst apprbprlAt^e for an ini^ 
^ tial alert, while the male voice, is_ more likely to; be associated wlbh an 
I ^^^^^'^J^A^yi t>e used to impart ^specif Ic insftuctions. 

* ^ However, the exjt^tU to whlrh directlon-feklng is influenced by addtftlprial fac- 
tors such as victim's previpus eraergencyVxperiericefl, their iBmotional^and phys- ^ 
•i ^^Pg^j^^j^^^gg* fl^_^^^/^gg^<^g-Q^ :QQ<^i«^^ «nd functional vnriation 

\|iaracterii5ing the afw^ted occotr^ncy, have not been f^/stofrat Ically studied. 
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Ftnaliy. behavioral asiumptlbns regarding Che avattibiUty and filhccloh of 
trained leaders presuppose leaders' knowledge about ^"^f ^^^^^-^"p^y, f " 
procedures. The ffw available studies do not support this, notion (recall Pauls 
finding that- even- where designated floor wardens were specially trained, Chey 
dW not function as expected during fire escape drills) . Accordingly, qaes- 
tloris about Che social dynamics which arise during buliatng emergencies, ^and 
about the nature and quality of training programs, must be considered. Par- 
ticularly vulnerable are visitors to public fnonlnititutlonal) building becauee 
they will have few, If any, preconceptions about Che avattabtttcy or role of 
emergency supervisors. 

5.4.2 Research on the Effects of Occupant Lbadlrtg and Discharge Behavior on 
Successful Crowd Mbveraent 



Presently available data are InsuftTclent to either support or refute human ^ 
b'ehavloral assumption^ underlying Code provisions affecting building occupant 
loading and exit discbarge facility design. Although several Investigators 
have suggested the need to IncorporaCe personal space reqairemencs and side-Co 
aide body sway InCo Che design of means of egress (e.g. Pauls, 1974; Fruln,^ 
1971) the ef feces of such faccors on escape clme, parclcularly under accaal 
effiergency condlclon«, remalaa Ucfcle uriderjcbod. For example, che roann^r by 
whlcH occ«panCs physically ^lltze egress ways (viz. Chelr inCerpersonal spac- 
ing behavlbr and che; biomechanics of walking, sCalr Use , ecc .) may well Influ- 
ence Che Clme required Co negbClaCe ah enclre egress . route. BuC Ic Is noC now 
known ac whac polnC and by what Mechanisms occupanCs will relax Chelr own, per- 
sbnal space rectulremenCs and accepc more physically crowaedcondtctons during 
eKress. The ablUcy to Idencify Chla threshold and, more fundamenCally, Co 
deCerSine a logical connection becween conscrlccion in egress ways . increased a 
physiological and emotional arousal, and the onset of raaladapClve (panic) ,^ 
behavior, may e'venCually lead Co ffiddif Icattons In Che design of exlc componenCs 

ariel sysCems. ^ . ^ 

' . ■ _ ... • ■ _ - - 

5. A. 3 Research on Che Ef feces of ArchlcecCural Impedlmencs and Physical 
ObsCacles Upon Crowd Behavior and Disciplined MbvemertC 

Excreraely Uctle technical literature was found applicable to evaluatlhg Code 
prbvlslona Intended to minimize physical Impedlraerits and obstacles to rapid 
escape. The specific effects of physlcal^abscacles (e.g. corridors or stair- 
wells being used as storage facilities) escape time has not been systemntt- 
caliy Investigated, Future " tlrae-motlon" experiments under a Wide variety of 
simulated egress ' conditions should provide data useful for comparative pur^poses 
Moreover, future pbst-lncldcnt Investigations using sophisticated Interflewtng 
techniques can query victims about problems they may have encountered with., 
architectural ImpedliticKts br other physical obstacles. ^ 

Stmllnr.lv, experiments on the affects of locking exit doors or of other ^ 
securiSy' Pfocedure Infractions -fcould be co.iducted under carefully controlled 
SlniUlated emergency conditions. The appropriate dependent vartHbte In such • 
Btndloo Ir a menoure of olapsed percolved Clme-to-oscnpo , .and thls; measure 
should bc cbiSparod under vnrtoas conditions of occupancy, Jenaityima occupant 
lon.linr. actual a(i well as porcoivt^d alternative encape routes, and emergency 
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tratntng; Although data obtained from such ejjcperlmehts mky be useful for 
cbia^fat^tive purposes ^ extrapolations from eiqiplattons behavior daring real * 

should be made with caution. Fbf" example ^ whilp raaladaixttvo ' 
behavior jnay take the form of ail incorrect response leading to excessive escape 
time in a laboratbry simulation^ it may 'take the form of "panic", tfijary, or 
even death during a real fire. ' . - " 

^b^e prcrvisibhs specifying the measurement of distances bo means of egress along 
'^^^^^ ^^^^^J^^ J^'^^^^^^^^ ?^at durirfg'fire emeirgencies bccupantb 

irill traverse linear-segment^ routes. If Indtvldaals traverse nonlinear paths 

'^ccasibri^they raeMder <!urlng an eyacuaeion, £heh thejr Egress times^^ 
will be longer than thoise produced by piir^ linear travel . ijjngar egrews times 
would impt3^ a reducti<^ in the maximum aiiowable dtstfance between the furthest 
Ipcatibri^ a flbbr and arx exit (see pro>rliijjt 5--6. 2) . Available data do not ' 
maice sach a recommendation possible now. - Fa |Pre" resea.T'ch is required to docu- 
ment actual path lengths and patterns trava|l»^^d by escaping occ^tparits. This 
research may be accbmpliihed during evacuaRbhs of large -roo^c or entire builds 
tng floors under simulated emergency condltibna,^ plated mbtion 

picture br^videotape^^ecording equipraenti . ^ : ? ■ ' 

5.5 5P>fl^Y i ^ 1 - 

9^ J^^™*" ^'^^^^ibral assumptlbris abbur^cr^yd mbveraenf and- direlplined 
group behavior underlie selected provisions, of the Spde . These assumpti^s . 
were evaluated by reference to several models of haraan coltertivfe bebavfor; 

research i*r experimental sbcial psychbrogy^ fie^€ resear-e^ natural 
disasters^, and posc-lncldent fire investigations. In gj^ehal,^the technical 
literature suggest support only fox those, assumptions c^^atnlng to leadership 
?*^^_^^*^?^^i^"''^^'^i^g ^^^^^ibr. Behavioral assumptlbris pifrtainiijg to tfe'effec'^^* 
of occupant loading and physical obstacles upon ord^r'y Snd rapid orbJ^ abve- 
merit appear tb be rieltjier, supported nor ;refuted by aval labler technical llter^ 
tare. ^^^ '^^tertt that iropediroerits to crowd mbveraerit result in raaladapti-' 

collective behavior and panl , future research on Che role cf building xleslgn 
in facilitatirig crbwd mbveraenc 8eera^"ah essential precursor to Code development. 






PROyiSIpNS ACCOMMODATING OCCUPANTS' CAPABIttTIES TO SAFELY AND RAPIDLY 
NEGOTXAtE EGRESS WAYS 



6.1 AI^PLK 



PROVISIONS 



5-2.1.1,3.5 



the floor oh both sides of a door shall be substantially level 
and shall have Che same elevation on both sliles of the dpor^ for a dLst&nce 
on each side at least equal to the width of the wiaest single door. When the 
door discharge to the outlsde or to an exterior balcony ;'^xterior exit i_ or 
exterior exit access, thfjjfc^floor level oucatide the door may be one step lower - 
than the inside but not i^Bfee than B inches lower. „T 

^ ' [ ' '3 , _ . _ _ ^- ^ : 

5-2.1 «l-.A.3 The force required to fjiilly open doors shall hot exceed 50 pounds 
applied to the latch stile. 

5^.1^2.1.2 A latch or other fastening device on ardjyot_^a^l be Provided 
with a knob, handle, panic bar, or other simple tyg§?:^f re^affi^^ device, the 
method of operation of which is obvious, even in dariSeBs. ) » 

■ ' ■ / /f ^ - y_ _.. 

5-2.1.2.2 4 When a. door fs required to be eqiiippe| wt^ panic hardware, by sofie-j 
other provision of thts Code , then panic hardware s^al^ause rhe door- latth to 
release when a^, forct^ of not to axceed 15 pounds is appl^ 
r devices in ttie dire'-tidri of exit-travel. > 



5-2.1.2.3 




onca'lly closed in^ 
zontal .exit ^ 

self-closing door and; shall not at any time fe« secured .^fcthe 



Self- closing; Devices.- A door designed to 
egress » such* as a 'door to a ^tatr enciosu 




to the releadtng 



open 



^ Wher^ requited doo^* are operated by po>ier , suth-^s d^ 
tJiot bailee trie, act^ted rag^hanism to open tie door ^on thi6 pro'ach 



5-2.1*5^1.1 




_ event 

^clbs<^. 



doors wil^ powef-asststed manual operatiorti the Keoign^hall be sucri that in 
nt of po^r •faiiui'e-the door may be opened mahuai:^^ to p^rnilt exit travel or 
s«d w^^^re heceas^iry to safeguard means of egress^* ^ ,i "> '^^ 



platform, landing^ etc., used In conj anQj)ioji 
there with^in bflldirig^U^r?" than 3 stories in "^leight aria in iiew btildingo 
req(^red btetitis Code to be of fire-resi«tive cbristructlbrij shallybe* of 
tlble material thrbugbbut^ - — n 

'^re exe'm^W'^ropi this requijfGnH5nt ^ 



5-2 ^2^^2.1' Each new stair 

i 

npn^bmbus 



ExTdeptlon: 




/ 



fall be nc^' ^closed usable space "under s^Brrs in ^ri exit 
t^he open/spaf^ jojifler siich stairs be used fcr any purpose. 

No ar^ijgem^t of treads known as winders shall be permitted in hew 



r 



5-2^ ^ - 2,2 Thete 
^^^losare nor sh 

5-2.2..*^ 

^ — ^^rz ^ 

&tasruiays. 

5-^>2 jjgrS Wiere: raafertal df stair jtreads apd landings Is: such as to involve 
da^t^et of >i:ippirig^onslip material shalj^be^rbvidi^d^on tread surface i 

' ' c 69 ' * , 




§4' i 





-A 



j ?^^2^2^2^ 'The height <>f every riser and the width of ^ery cre^d sjiall be so 
propcr^toncd that the sum of 2 risers and 'a tread ^ excfasive ov Ita noiing 6r 



proj^cjiibn i is- not less than 25 tfbr mbre t iari 25 Iri-ches, f 
5-2. 2. 2. B The mtnicaiin jiumber of risers in any one flight of t tai-^ nhall be 3 



^2^ 



There shall be no vartanon exceeding 3/t6 trtch in the 'd^p^ff o 



treads or in the height of risers in any flight. 

Exception: As permitted hy 5-2*2 •1^4 for mopQmental stklrs. 



d^P^ff of 



5 -2; 2. 3. 1 , Means of egress *uch as stairs , st^ir landings, b^lcbtites , ramps^^ 
alslbs, located along Che edge of open-otded floorp and m''*»zanine8 ahail hav^ 
guards bo prevent _ falls pwr. the open sid^. Each hew stair arid Class^B ramp . ^\ 
shall hav? haridralls ori'bbth sides (see also 5-2;2;3;'^); 4 

■ • _ ■ • - ■ ' ■ ■ . _ _ 1 _•_ o , - ^ - - 

:> 5 '2>2.3;2: ijRjgquired guards arid handrails shall cbritiriue' for the fu\l length of ^ ' 
each, f ligfi€ <i£ stairs ^ 

5-2 42 .3.Me) i^y^vy stalerway|>?tegutred-to be more th incheb<ln^yldth shall 

have not less thaij 1 tntennedt^tje haftdradti for each 8ff inches in l^^Jiuiffed vndth 1 
(see^so 5-2.2. 3^i^ ' ; ^ ' ' _ ' " ' / " ' 

JBxc'^^p^pn^ On mo^mB^t^J oatBide sr*oirsr 2 hApdraif^ ro^ be permitte<f. 

. Access froiii|l£ l^iil^inft^^*^ vest^ or balconies shall be through . . 

' doorwrfyjfir not less than 45 Inch^/wide for net? and 36 inches wide for existing 
"fcowers."*^ These openings _at^ t^iffcsritrahces to Vhe towers shall be prp/ided with 
•MpprSved, self-^lbsi'hg tite doors swinging with^che exit travel. 'Clear wired 
gla^i nd^ expiaedin^ 750 isquare inches shall be prov.|.ded ' in all doojrs giving _^ 
*acces-fe*p the eaclb^iite. ^ > ' ^ - ; ' 

:]im^': ■ 

5-2 ^i>. 



V-L 



3 Visual Enclosure. Outside stairs shall be so arranged as Xg avoid 



^^y ^^^F^Lcap to the^use of the stairs by persoris havlrig a fear of -high places. 
^^FiS^^0^^tB more than 3 sCbri-es In height any arrangements Intended to meet this 
requirement* shSil be a^* lea^t 4 feet in height. . - 

5-2 .5.X^>4 Weather Protection, bntslde stair^s in climates subject to snow 
and tee shall be protected to prevent accumulation qf sfibw or ice. f 

» 5^^-2.5.3.3 Risers shall, be solid.' 

' Except i^hi The skLrt^typey haying 1 inch space fjbr drainage, ^^-^^j^ permitted » 

5.2/6T)^.-4^2 Tlie^slbpe of a ramp shall riot vary, betweeri. laridirigs. | Laridirigs ^ 
shall be level and changes in dlreettcn of travel, If any^ sh&tt be niade at landx'ng^Ir^ 

^ ■ . , ■ ' -- - ■ ^ 

5-2 .6 ♦2 .2.4 Weather Prjbjtectidir.y Outside ramps in cliftTates subject to snow arid 

ice shal? be protected Co prevent ^ccumalatlon of snow br tcei^ . ^ 
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r 



5-5 • Ipff Exits ^shall be so Ibca^ted and exit access ^hsil ^^ s® atiinged that ^-^ 
exits are readily accessible at all times • ^'^^ ^ 

5-Sly2 ^ When more than one exit ie required from a^toty, at teast^^f 
: exits shall be' remote from each other and so arranged and, construt.ced as to 
mi<\tmize_any possibility that both may 1^ b.locked-^by any one fire or pther 
" eiHGrgeric^ cohditibh. ^ i 

5-5_>i*3 Meani^of fegress shall »he so arrainged that there are no dead end pocke|^^ 
' liallwaysy *bf ridbrs, pasfl^geways or coarts whose depth exceeds the limits 
specified for Indlviddal occupancies by chapter 8 through 16; 



WHere^^pejv stairways or rampfi are permitted An b path^of travel to \^ 
' reqatred exits,' ifuch as between mezzanines or balconies and the floor belbw^ 
y^m^Ue iihtaiac^^ shall include the travel bri the stalTOay o ramp, arid th^ travel ^ 
t^u-^'^^ the etairway or ramp to reach ait outside door or ^ther .e^it^ in 
o^the dista^e to reach the stairways or rkmp^ , 




ere!' any psrt of an exterior way of exit access' is within 15 feet 
horl^^afel diatance of anjr^^prot^ctei^ building pperiihjfi as permitted by 



5^2. 5jil. 3. l.fbr outside stiffs, the j^^Ss-fearice to the exit shall Include the 
irength of travel jto grotind^level. 




6 tf 2 T^^n32£I^X^ ; 



ASSUMPTIONS 



6.2.1 '<:438umptibns J^elatlr^ to the Effe«s of Stair arid 

Occupal^s* Capabilities: CO Safeljt.knd Rapjd i^^egot late Egress^ Wai 



(Ij Nbri^lcve! fibers br steps immediately pri either iflde ot a ddormy m^^y^i 
^St^ ^r^tme the discharge of Ste doorw^' ( 5-2 • 1 j ■(^\ , ' ^ 




(2) Certain mtiterials ^AW^ri t£glga^^rf:i£Llx)f stair treadgAay ^cause slipping, 
whereas otherft/raay jire^^t"^1stppl^^ ^Slipping'' attempting to escape* 

via an exit .st^ir contributes to ricnicei/ egress flow (5-2 .j^ 2^6). 

r _ ^ 

^(3) xfie- r»^to of riser-to-tread dimensions ihfluSAces ^flow^ate along stairs 



(5-2.2..2.7), 

(4) Stal^^lightfl with f ewe;r than_3 risers^ may^q^^use falls or accidents^ or 
^otherwise Impede' egc^s J^l^w •(5"-2.2. 2.8). 

t5) ^rregular riser^or^ead dimensions aloj^jg aay stair may_cbntrit)ut6^^cb 
misctejSj^fSt' falls, arid th&reby reduce egress ^Ibw (5-2.2.2^10). 

(6) . Ha^rails pre^^ falls ^ Isflpsi or^Tsst?!^ bri stat^s^Vand thereby prev^rit 
rediixctib^s to egrel^ilbw ^^2. 2.13.1; 5-2y2fi3.2*) . ' - ^ ^ 

(7) Y On stairways greater than 88 inched in widths ,\ari iritermediate h^drail 
wl^ reduce the likelihood of falls, slips, or mlsat^^, and thereby prevent 




ERIC 





i 



i^i Egress flpw op ouCstde stairs may be impeded by weaSier conditions which \ 
ih'-rease.th^slipperiness of stairs (5-Z/5.1.3.4; 5-2.5^;3). \ 



jfis .4ni^tbe slope o^ i 

-.--^ - ^.J^eg ^t,^ Specif icallyr treated to increase slip resistance may 

cailte 3*1^1^ )t/lp8^ ai o^t-MLli^ which reduce egress flow (5-^2,6,li4.4) . 

/Slip|v' t^r4^ fali8*^^whioh reduce^ egress flow occur more ' 

inside ramus' ncrt adequately protected f^bm thp weather, than ort^. 
e) ^d^quately ^rotect^d 6. 2.2;4) ; - - ^ 

tons Relating to the Effects of PhysiologicaJ and Psyctiological i-^*— >^ 
'6 Upon bccupants* .Capabtltctes to Safely and Rapidly Negbtiate 
Ways . , I ■ " f \ 



a ramp between ilandlfigs may rediide the flow 



Ich^ 



ses 



(1) :lnfiltration by_ fire products Into egr^^s "ways maps impede egress f low ^• 

S^(5-^a,2;3r 5-2.2.2.^).' 



to Enclosed 8ta±r 



ty to see into the s^l if^nclosure *f 




fenced by these 



(2 )^ Dccupantj^vMnt 
indlvldaals* "abl 

^3) '^eraoiTa Jia^^ a feariof Sigh .places ^ay trap^'P^gress \lbw bri certain ^/ 

,5c^t8lde st^aiW^'CS^ ' ^ ^' . ' ' ^ . 

_(^)_5'«®^^^*^d pockets^ haltwaysi corridors, pas sagewaj^ and courts whijbVexceed 
^-^r^(g limit rfv^ reduce egresj efficiency and increase cgtess time; ihe^* Itralj 
' vaj9f #:cordinK to occupancy (5-5.1.1: 5-5.1:2: S-S.l.llN^^ -^^^ 

zbne^r 



fccording to occupancy (5-5.1.1;^ 5-5. 1;2; 5-5.1.3).^^-s_-- 

reqiFtr^s passlr^ thrbugl^n apfereKted 
r area may* result in slower overall evacuation (5-6. 5; ^Wl6), 

--- - - i--. .. . - - - ^ ^" 

6,;?.3 AsBcnuptfons Rel|^ng liO^t^e Bibraechariics b^f Eitit*Dbbr Oppratibn. 




^^.j J^^i^^^E^ <^lpc^P^^^ as 50 pounds of force 



(1) : gen. 

a door •^ril^.^^d /i5* pounds of: Sjc'e to av^anlc bar, arid iri so doing yill iiot 
imped* w>,ir chrba^h a dobr|^3^3gft?means oT ^ress (5-2,1.1.4.5; 5-2. l.'2«2.^ ) . 

(2) The d&sign ^^^^or Ttardwarfe tnflaence^ f low thrbiigh the dbbr^ under both' 
^ ■ da^rkneiss f5-2.1.2.1.2), 



cbhditibris bf flight 



(3) . The means -of raanulily operattna aatomatlc fer^ p^wer assisted door^ (as may 
^e^5e.qulred di^ririg a ^bw^r fail^r^i/are famlliarSioi or known by, .escaping 
occiipants; hence an^ need to mari^lly operate such dbbrs vlJi: not Increase 
ev&ciiat^bn time (5-2.1..3.i.l).. W 



operattfSa aatamatic W ^wer assisted db< 
faimire4<4re famlliar^o^ or known by, .ei 



■ 0 





6.3 ^O^fl^OTARY 
6.3.1 Problem 



} 



The aWltty of building occupant^ to sifety irid rapidly nego egresswtys 
may be affected, by the 8en8ory-ni6tor ca^acttles^'fet these individuals. Writers 
\ of the Cod^ S^ve recognized^ at, least in ptinclrple, the need to consider human 
p:a|^ormance*critetla In the design^ orgariizatlbn of building egress facili- 
ties. This concern is reflected in severar provisions of the £ode. HUmari 
behavioral, assumptibrisbeliev^^ to underlie Code provisions intended Co accora- 
.mpdat^e occupants' abilities Co safely and . rapidly negotiate egrcasways prlraar^ 
ily address three Issues: (1) the extent to which accidents such ss, 3ltp#|* 

w^ich^ occur while people negotiate pedes^trjan wa^V/ 
impede Ti^^w^iong corridor's, stairs, and ramps, aj^ through doorways; (2) the 
degree tbjpii^ih st^^^ and fatiguft impair walking behavior and Irifcrease the ' 
time^reqafred fot^gress; im^ influence. cf dbbr and other hardware 

design upon^ccupants^ abi^ties to rapidly agd^effectively operate elements ' 
Vslrig^^dteans of egra^. Several models whlcfi provide asefal Insights about 
rpafc^-qap^llltles pertinen to emergency escape during building 
brffe VPe di^cussdd below; 




$.3.2 

^SBR^rch In ^he fleldf of human fao^tbrs 



Underlying Behavioral Models 



^ _ __ _ , - syc^ology and -biomechanics has given 

^ to|a_ num»c^of raoAAls explaining JSHman perfbrlnarice capabilities under 
6Us^.rcum^i:ahc^sT^ Morir of tfei. Code p^ vis ions and behavioral as^pinptibris 




Ions 6;^1 ?D<i_6.2, 
fi irt Buiid'ings. 



- jBlich appf4rs ^6 Utid 
ai^s aAd Jam*{>s Is that '^ondtt 




e-pubvisionfi 

ch iiK^ease 



negotiation ^df stairs 
is prdserited first. 



coTge rn i ng^_^Jie^ 
vikelihbbd of 



Tbas^-s^i^o^mi of 

A g^'^ ™^ 
^^es 

5^^P?i» ^j^^epi^ br falls may increase pveraii e^gress 9?^. Si>-cat^^ 

-human errdt- tk the^M08j^^cdmmbrilx.c#^d caUsc^^f^ accidents -itt^olvirig peo 
negotlaalp^of the. environment (Z^Set^ i97^Vf ^ analogy, fflaVraachiiie .and 
f eftdback-l*p rndfels -baye been _us^ desgxi|SMeJiaVior9t ^i^eH&es wfilch lead 

to accidents (Zetfer, 1959). For example , -ft^ bf i stStr appfoaches' this- 

portion of an egj^etf^ w^ ao^ perceives its conf Iguratioru indl 

ut the stair i and;:.compar^ knowiri^i of this 

9?^?^ i^^irs- Thiia^jprbcess results In : 
rpersonal spacing, fevel^bf vigilance, etc.,- 
tKe stal/T^begins, . _ 



prets infbnnatiip^ percll 
egress way 'i^i'^ ptior e, 
declsioris about r:^quire 
after which actual riego 



cbritiriua 
eacupar^ ascendo oi- desd¥ 
( I.e., b s e jwhi^ji ^e 
which ^^suJj^^g^to'lffi 
^that jjxe y¥k^ll^th 
the particular bf 
likely to become 
^ces8|>»l step^) most ft 




ns feedbadk ^n^^flRng stij^r use. As' the 
_^ J!^?lrway,i^cce88f ul blbfiechtnical beha 
t ^n an .unencumbered negoCiatl^if^j^f^ the tr^Ljgff^A 
8 orffalls) are^-einfbrced.^, the^ore s^sisfbl hi 
tj, tiie P^ft^^^ikely is 
echaniqfliiattei;n« g and 
ollinsfteid sUfil, 1979J. 
entiy ^ke the f^rtn of miss 
grbater^mition in ne^oT 





1 




■useT'-Cp. continue axerci 

[X ^a^^^'s th€^U ser 
Lye ' feB^ljf cic (uns^f^ 
, wTiiclj tend to aler^ 
tng thqjf remainder bf^^ 




i 



^tatr, ^fid which may also cause the us 
^alr hazards (Archea et al. 1979). 



Co be Higllant with, regard to pbcential 




taking the ^Irs^: step, the aser cq 

?ughc CO be) which have been built up over i'ears of experience using stairs. 



ares perce^itfpns*;of^the present "stair 
;e of 8 taff S liiig^eral ( 1 .e 



If 



the user finds a close match to eiclst beliweeh 



^♦firsf« = T^*„j 4------ w - - r--— in^tte current stair and Bh'e 

Jh-r ^r K c^n xhe Indlvldqpl entfera t*' stSlr^^y with clfcfld^nce 

^H^H ^ subseqaeflt movement -^^ the stair 

mS»t H f ^' ^ niechSHlais, which provide 

mental data necessary 'to test the "fit" between 'physical properties of fpT—: 



becbL^l^sr^r^lf^> Asjipted earlier, the Individual may 

ohtatLi H . of c^tf le^nd^klnesthetlc Infprmatlon 

obtained durlng.stalr .negotiation) the tnternm 



^^fi^^T . ' — -..-_-;™^ize^ Image of the ^talr i 

^i^Vt tJJ^ °°^^^^'^^¥^^ According- to Archea jBt al. ""-"^ ^ * 



te In r.egoClati;ng-the firs't few tre: 
tjig a r worklrig" ifevgl of , vigilance. 

White r.egbtiacihg a stair^ deviatioas 



, - (1979/),J)ex^eri-, 
may be the mdec. cricicdi In/ei^ct^bltlh- 

. , y_ ... ^ ..... - 



4 ^ ' ^ncicliJW^d phyisical properM^^s ra 

require Che user CO adjust bioraechanicaliehavto ^ y 

et al. (1979), minor dfevtacionfi N?hich. fain within 



\ occptonal l^regu^rltle^ egad dimensions) ^re^lkely to 

t ?hJ^- ^^^^-T*^ btosedhanlc^jadj us tien't|. IqKSis is tenches which fall 




According _c 
sorae accepcable ^attg^^C 
r^ 

f-y>4 r— ^ ^ i - — TV T--^«f9r*»« wiixcii fall outs 

^^1 ^V^r^ ''"^^'^ handrSsii^, however, If dececced,.wtil aroi 
th^ua^^ ngil^nce to the scair enviVOr^^c and cau^e the individual' Co 
ItW^^i -^^"^""^^ of ch^ o^naiiy^clio^^^^^ paccerri, making 

Co'f^««'^^''/'^'"f''"^K W^^^-J^op ch^ 4cair user succLsfully adjSs 
,co gross de^iactons in Che stalP envip^^^^ depend, eo a lafg^ Ltenc 

upon how far Che _ individual \^ — y f xarge excenc, 




Fbj| cxamp 
vho is s 
stair, may 
ipral adj 
*l{oc likely Co 




, ^^.-^Jn riegociacing .the preaenc acair. 

ndividual «MfcnlyQcafc#ii a f ey^, scep^/bnc^ che sCair. and 
he psocese of 'Mftlirmii^ rtencal hypocheses coficerning this 
Ciously dncictpace^rrb^^ndJJiereforc be likely cp mltke behav« 
cs relaclvely eAsily. • Ig^^hJ^instance, stair Segofiac ion ^li^ ' 
suffer. However, a user ' ^^^^ ^ 
:8talr_bef6re oLbcaln^ing negaclve feedback 
strong confit^clon bf^ raehtal hypocheses con 

vigil^nce^reduortion.> III chis dase.^he user may be Ill-prepared co respond tp 
Slpro^Lin '''' physical propetties of che^cair, and may mtsst'*^ 



nego 

¥d negotiated altflost Che entire 
t'e alreidy obcaiKed sufftcientfy 
lemming Che*i3Cair to cau6e bverali 




^resulc when sCatr 



chea erf: al, (19^9:i sugge^r chac^ acair accld^ 
cheir^scair use bebavioi^ paccef ns upon^^roneous r-expectatibha. (25 
apirpprlacg^ biQinechanic^l resp%«se pa^fe^ ov i%h f^d^ry^ bier 

^^H^fcsporutiftg Che physic 



selec 

scima^^ regurtj^bi^raechWical modlff^cio 
percies of ^rstair. 
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Carson i^Alccheei^ 




Research bh stair use repbrce4-bJH2:5bea et al, (1979^^ 

^^^^'V^*''»:l?P4LCar80ri^ Mullet, Archea. and* l^gtills (1978) 

dlfio has pointed to Che importance of the so-called prieiTtatio»v1edgp^' This ; 
concept may be defined as any abrupt change from ttie typically visuil.l/^ ' ■ '_ 
enclof'ed stair to an open view of another, larger space at the top oif' tei^tbm of 
the Mtair. When .descending a %ovtng statr in a depai^pent store-^ for ^i&nple; 

n9^^^triari bfteh mbves from a visually-cbnfined enclosure to a vrtd^-bpen 
and yisaally complex space; This sudden change can distr^t the user tttymil 
thejyfixed stair or mq ^ yg stair and cause the/Clser to orient towari. the acivl^-y^^ 
_ P^^P^^ » _9^_?i^iW_Vit^ larger bp^n space. "If . this rei^lts in a subH^ 

flt|t^tial r^dojctton tnfattention to stair negbt tat toil while the iildividual mugj: 
t^e^oh<|^b sbjiiBie" deviatibn in t^ie stair itself ^ the likeilfiood of a stair ^ 
It ii^* prej^iiaied to itlcrease. , , ' / 




Presently tliere are nb *behi%yioral models describing ramp use per se. It ;has 
been Sugge0tea\ that general^ In bburided erivlrbri- 

ra^snts; bas^d ^imarlly up6n the;, negotiation of lei^l planar sarfaccs, can 
accbunt fbr x^p Usage (Ftuin^ 1971). p^wever^ mbd^ls_ bf pedestrian movement 
tn bounded' erivir^nrnferitij typically are tpsed <gt physical analogs rathevr than bri ^ 
theories o| httmjan beh^ior* ' lli^e raodaLs are (^^J^^^^^ i" chapter 7.)b of tt>e 
;>re3ent repb^^j 'lY^^ the purpose b0*d«crlbirig bifPTpahts' capabilities tb safety 
and rapidly ^regot late ramps';/ the stair use model described abb^e appears 



duslbl< 



* / 

ae on occt 



e tnf lap ne'e s of stress and fatigue on cJfccapant capabilities, pa^tlcu.lirly 
iihder eni^rgency cbhtlltibris^ invbly6s numerous and^iverse perceptuat^ cognitive 
find* Rhyfilo-logipal reactions i Th^e phenomena ha riot beeri brgarilzed Iritb a 
si-ngle model, of eme^enejF behavior ^nder stress; However^ concepts from both 
-entti^orimental psycho^gyjand^eurbphysiblbgy may cbntribift^ to a greater 
cqoiffinodattoa of occup^t^p * 'capabill^ti^s tb safely arid rapidly 





negotiate 



streg 



can 



be 



- ■ - - -- ---- 

:at;t6nally defined as the eff ect stimuli 
'iclent in^intensity to a_d!^rsely influence, response. be^Rtftviott Stressors 
s o^d ef ipj^d be yiewe<L.^8 behavibr-lrt^ifrupt trig medhahismsbf ^rivlrurimehtal , 

fl^^ional, ^or physioiogiCal origin/^Stii^V^^^^ E)e^piple8 of sfreSfeors which 



>to 



f 



i^err^t ongbihg^ehavlor pattet^hs J.u^fo^e input (seSfeory) • and 
raotcb 1 ft)' overload , conf ltettng/q|^^ifc«^dictbr irift)r«atibti f 
meivt p 'ahd_ sensor y^motor «^stem failures (physical disease) 
these in f^u^c^ be]\avi ^ e ither ihdirdctly by affecting the 
direct 1^ . by a'ffectinJT'fiaman central ang autonomic nervcuo systems. 
*reactibyi 3^ resulting ifrbm & xrcgs c^n ^fenerat^ a local adaptation syS 
1956^) . ■ The rcBC t ibjrg7-nrrf<fhe syVdrbme are directed toward immediate 
Stressor and have survival as^^he^xJ^^^diate obj^crtv^. ^ 

tatibri 8 y rid rb ife c bri S i^X^ ^^^j^yhb r^- tetra^^hyeib-riggu la^Q I" M J^rocesses 
body aut>5mati^ally aj^d iSS^rafely evpices in respon 
These processes avblaT^ repfel^rbr utilize stressors wl 
bngblng arid adaptive "behavlbf iri order to cbmperisate fbr the 
nee and restore ongoing activity patterns. When the local 
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physical cKa 
have Iriterru 
stressors* p 




r (neuro- 

efp/j^rbri- 
rs soch as 
prgaris ^ Or 
^alitf ^ : 
me (SeTye, 



adaptation syndrome is triggered , arv' Individual can expend considerable energy^ 
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^.^.^^^^A^^ 1 J^^^ _M6rebver_| Jextremely Iriterise stressors^ 

or those of relatlv^y long temporal doratton, bring about the general acti- 

vity syndrome characterized by_ endocr j nal activity resulting in phystoioglcal 

_^?^y-_ Under the most extreme ctrcurastancea ^ adrenal 
exhaystipn may result, wherein an individual ' s . neuroeridbcririe system becbraes 
cbmpletely overloaded arid is rendered incapable of responding to any 
environmencal stimuli at all. 



T*^^ ^tf of ftfe c^i^itibns in a bu^tlding illustrates the processes described 
above^' On being alerted Co a life threat Iri the building, ari bccupant's cur-, 
rent pdttern of'|>ebavior is suddenly interrupted by stimuli (i.e., infbrmat ion 
^?"^^iDe*^ i" t^^ alert message) which ifay be perceived by /the occupant 68 both 

Such an^ler^ individual's neurologi-*' 

cal orienting response mechanism ($okolw , 1963), which focuses the occupant's 
®^^^?5^9"_9D_ '^_^?_D?*'ly^ This process 

involves activation of the sympatheclc n^srv^^ as secretion of 

hbrmbries bythe adrenal medulla., The resulrof^ these physiological processes 

'^^^^^t*^^^?? ^f_^^9^9^y'^ resbUrces in^reparatibri for swift action 
(primarily "figl^t" 9r "flight") . A marked Increase in heartbeat rate arid 
f?*'^"^?^* riecessary tb satisfy the body's increased demar^s for oxygen, also 
results. . ;^ ^ 

^^*"^D^^_*'^9Vi^^ tVie spleeri tb cbatrabl!^ (^nd theretiy release stoced red 
blood ceiis^which 'are fteer^d to carry, the increased bxygeri supply), r^plxitioa*' 
tb^eepen^ and the bronchi to dilate. These^aye t^^. Prtncipat.^phy^Ss^K^il . . 
®^^P^ '^^^f" §^^9?^^ic^ily the hurarfri^bSdy TO^niee^^ chal^nKes of * 

an externaly threat . Oncc^ oriented to ^he threat , ihterrupti 
distract the iridividuai from tfie demands of ; thei- impending 
the^ focus of concern, or may' over load ^lie person 's jphysib' 
cope. '4 * ' - 

\.; . 

This cybernetic model neurbphyslblJglc ^^ping ^^ar9^< 
1)ehavlbral' assumptions Relieved .to underlie pro^j^isis^ns voif t 
• Accommodate occupants' capabilities to , safely and rigidly negotia 
For example, the Code addresses Itself t^ til^ Irifiltratibri bf ^ft-t'^e 
intb means of egress.. Where such infiltratlbn occurs, CO often "acts^ tb 
^"P^^^ll|^^^_y*®_'^^^"^^ As a-'result,' th|K fi^d/'s^' 

pul^nary a^s*^ is adversely si?fessed ik its atberapttb reject the poison 
sub^ajice^^as (^Idenced by choking , gaggljwtT^etc. ). ^Th^ Initial 

*"J}^^'^?;9"^^^f^^^5^ whicb^lhay ^ead the individual 

to^eekJi^M t&3clc_enyironratati^ Inda^erf^^ "the in^vldual is physiblbgicaUy 
>P?^j???^^^>?^on8^™ a^^nts tof -oxyg^; howev^^ cannot be bio- 

ckemieat^^Tpcessed in eKgJ^t^enc^ -o? CO^ colttamlriarLbri . If ^ the individual 
cannot, hipWl^tb a lees to>cic eavVronSent, thei/efore, tHe bodyJs v«al hbraebstas 
wtll.be r^t. ^ ^ - • . . / / " :/ 7 , 

f^ct cbgnitive-^^r^ptiial procBSsel^;^- Tn|tltratlon of ^*lre 
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Stress cari 




ptual-^cbg^tive aigfra reac 
the^^lifejt^reat t^QS%if]|£ 
jres^atJiS^e^^ eV^ She , 




products into an Mressway^cari pti^ 
glimpse pf fire^^oducts. tftts Iflift^ac^^ ^a^e^c 

?i^^! is triggered when thi "i^-viduall^^ijij^eS 
ably nearer tH^n ^revl<j|^sly 



he ir f i'r s t _ a c t lifta 1 




presence of fl|fe products results In a temporary, although possibly distracting; 
adjuBtra^c In the focas of 'the person's attention away from the escape task and 
toward n^earby £4.re^prpduc?8. Here^ the sudden recb^ltlbn of the fire's reality 
serves to, Ihtetrupt; adaptive behavior (mbvetnerit through -the egress way),; 



Once an occupant ' d att^Hrbn has been redirected away from those 
egress' ways crucial tbStCTCilr sueceosful, egress, the likelihood 
time-consum^g misstep or fall xs increased^ If _a stair Is,^ 
example, th^ redlrectioH^^ of Vi.8ual attention to fire prbductl 
side* rokjt Jesuit Iri-only IclrieptLhetlj^testlrig of Just the flrBi 
redirection .of stair users' , attention may. result in a st'air 
temporarlly Impalli^iiithe Use of th^stair by other evacuees O 

Alterna^lvelyi^ envtronmetftal stressors aia^ interrapt ongoing a^^ttve behavior 
patteras fey causing, aii individual^ tcr .avoid a.^rtic;)j9.ar. action and to refbrmu^ 
lafc^the egress 8trat|egy. 




pbrierits of 
potentially 
tered^ for 
r to otik 
^dsm this 
which 
t al. 1978). 



Upon opening ^he dbbr to a-^talrweJl ^ f br exajtople^ ah bccupant may see fire 
products, conclude that thli^^^rafeaJlSJ,^ egress is unsafe, arid feeek another statr, 
means of egress, or refagei : : , ; ''. ■ ^ 



Tmpalrmeri^B to ^^Hj^l4^lity.J^Siso c$ri llmf^\^ person's capacity to rapidly 
negoti^l:^ means of eg^o^, and^.4ritt>inter^pt egress behavior pat teirns.. 

^T*^ light diffusing an^^bsc^lhg qualities fb-r f Ire. productjs^iCsmo 
M>5tCrttatlon to: the eyeLs-^aembranes produced ; by-- these prodaots^ combthe to 
^ivc<^rage cautipus and^iesitant Rhavlbr by occupants;: SucH^^beHavlbr may 

^^"^y?J3^_'^^l^^^!^i_^P^'^*^ walking path^ ari# Iri ^orae^ ^ 

instances, tofAl avoidance of the smcUce-filled area. Simiiarly^ :occupaiies t^end 
to apprbach and 'utilize darkened pedestrtari irays with extreme" ca^^^ arid "may, 

in s'o^ cases, prefer to avdld darkened routes en^relj^; v: * 




lally, acrophobia — abribi^^l fear of high plaiieS^cft; be trrigg^ 
inifortnatloji^ whi^*r Is particalarty relevant 'to^ the - f^>rced dse :of 
dii^ing fire^Mnen^ncies.. During an_evacuatibn utilizing such" a 



ccuparit may hesltatey 



'freeze 



o5/"p4inlc.* 




fatigue may also^ Impair b^c^i^ahtjs' capabilities tb sifely and r"apidly feyacuatev 
buildirigs'duririg fires. Afi illustrative case '£livorve8(occuparit:»' negotiation 
of dfead end corridors. Where an octtjpant has unknowingly. bee tk Kdught'^ to a 
dead end; a ^apid shift iii egress strategy may be can ; » 

iricrea^^-Btr'fea^,. for ^li^,,JMid4:\^idua^^tn two Isnpoi^t'arft ways: (Dynonprodacttv^ ^ 
negc^iatlbn of an .incorrect path uses valuable time^ during_iSii#ch effective. ^ 
egress .rbutes^^cbuld become blbckld; ariid (2) the sudden reallzatibri that ^ par-' 
^tlcqlar strategy was noriprodacttve aaty. -r^ate^jwtthtn the tn^ilvtdual ptftception' 

the time remaining- for safe efca^e has dramatically deqrea^d. Under 
/^fflfese ,icfrx:um9t t-he individual, having ^adea^ ^'*^^^^^^^^^^sj:>ori8e,^mus 

/'aaJaSS quite rdoidty to a neiS set of eiwironfeentat*j*^f(dlt ^ 
^ant perceives ^tremely l^tl^tipie available fbr safe 
'^Sform^tiori proi^sslrig .xapac4;tie8 h^co^J^lg^^-Hrtressed 
'fJ2i"8>[ilt In pBycho-nio|:or fatigue i Hence iv not only tS-«Jpo. 
"^the bccuparj^ Is ^'iSss able'tb procesa cnltl^zait envlrbrif^ 
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Behavtoral a8#lj!|ept:ion8 believed to under 11 e ^x:ode provlsl^s In sectlbn ^.2. 1 
addressr the o^^blllty of exit dobr hardware dorlng fir4 eiiiergencles, A bid- 
'^^/^t^^^^cal mc^^^p^ human' body provides Iprae insight loto questloas posed 

by these prc^teM^s. In^rXef , the Liumari body may_be conceptualized from a 
mech^nicallj^l^pSlc viewpoint as a highly^ comptex mechanical structure cbristse^. 

mass-sprlrig-damper element©. In addition to their Inert ial?^^^ ^ 
characteristics, the skeleton, orgaii8» i^gsnents, ^nd mii^ijleB have elastic > 
properties as well. Within this models the torso n^y be, considered a pure ^ \ 
?^?S>^**^S^_^®_®^PP*^F^j^ J>y ^^^^ 8^ column resting op the pelvis, Arra- 

dtbns (v 



-shpulder conflgarat 



(whith arejinost relevant to i-j^he present discussion) 



970)* Subsystem •fcomjionentB and entire 
lilted set a<f rigid links, the links arcl-/ 
;Jiar«^ct^rtzed" In term's of their llmltatl6n|^ 
model, body' s ^'dens^ty is asccmed 
likrilpulat l^oi>^6f architectural hard war -ni^ 

*1 n ti»r-vi»n1 rib - hi V ' 



;han 



1 




comprise subpyst^ms^ see Coermann^ 
^Babsyetems are J^^fcrconnected by a 
culate at pivot points which may b 
?9 ^r^^ "^ovemerit. Under the bibmi 
to be homogeiW^iis. The blbmecl 

be modeled as vector motli^ '6f spring-like^itiks wlt^ Iriterverilhg >p 

The relevance of- the blomg^^lcal -model tp emerg^^i^^scaipe may now be ^ 
considered more sp^sifitlally, th^raod^ saggesfs bhet when calculating' the ^ > 
force required tp actuate panic hardwai^ static artd * ' 

dynamic forces applied by i^jihe hooan bMy_ through- both rigid ele^^ 

^oc example, that different door/ land- 
ortunltlcs for indivlduals'^to apply forqes 
They would also Illustrate the dlfferervces 
ay i _abie-bodl6d occupants approaching the 
Surface , able-bod i^<f, persons approaching 
a stalr^ arid wheelchalr-bourid Individuals 
nbn-tiormative vector paths; > 



Is necessary. Such analyses ^y yie 
Ing configuration^ provide varying d 
to hardware efficiently and rapidly; 
V^^D P^n^c hardware operation between ^ 
dqp^r via rapid movement along a leve 
t^e door immeiliately. u^on stepping. 0 
"^'^"ely tq ex^t smaller forces thr< 



rgh 



t^er cbn^jW of 'th^.s'^set of assumptions focoses upon the design of door 
5?V^?^^^i^°r'^ bl^echahical*^nderstanding of anr-sh^^ and hanct / 

lation i;pr tfseful; J^^rt^^ example, mgstit^obrs may be /^Icfcly and_^asily 
^i^pl^itig 6ne hand on a cl'rcula,* knob,_:OT^ thenVby turninffii»^ff^ 

^^^'^"^^^nfe^siy pushl'hg (or pullisp) irfie knob and doop/ H^iverT^e 

4esigrt 'and piaceraynt of' such hgrdware^ has- typically been ^^end^'d ^fpr pit?ofii 
Pf ^yVragd heights, stature and motor capabilities (Mar 

i?*i8^1^ng upon, or pulling a doo 
pe«mKwho might be unable to ^rotate thfe^nbb stiff Icleritl^^ 
/.rtdlyldual wh^^ay be Ijicapabie of ^atpp^ing sufficient fore 

not reqd^r^d to contain apan^ hardware* 

Behavioral /Lasumjtlb' 

mptid^s enumerated In s^t^rv^.Z.l^ cbnce 
f egress; ^ A ^w^ber ofNa^tidies ;^epbrtl 
b^Same available ifmesdiately prior to 
i6h of the Code , In severaJ^iistances 





Literature review ; 
stai^rs and ramps as 
stair and ramp utll 
publicaton^oj the 1 

appear to su^prt applicable. Code provisions i 





lata^qn .-^^ 

td 

the^'^-daW ^ 



^ ^ For example > che, JCbde prohibits^ 

the placemenc^bf rifl^a-lfeV^eX floor siirfat^ or steps Immeiiatel^y on.elther |ld^ 





11 ^. 



: f 



of most doorways (pro||isian 5*^1.1.3.3). Designers and building officials « 
apply this prbhibltibh un^r the assumption that iibbr plane irregularities in 
Che tiamed late vicinity of doorvfeys may stow egress flSr either directly,. or 
indirectly Ijy causing missteps or falls. This ntxtion is Bupported by Archea et 

^9 Z9) » 'wdho suggest that' th^ sudden shift in p^bple^s at tent ibnfrbra door 
negotiation to the floor surface Ifregatarlty say Indeed decrease the effl- 
•cieifty of the dopr>^y as_ a_ means of egress. Additional support ls_ provided by 
Peschl (1971), who fouri^thSt occupants passing through doorways which imme- 
diately precededSstepa frequently fell or stamhled* 



Other b^havibral^assumptibris with the fatter of traction on wallcirig 

surfaces. Arc|fea et^ al (1979) ^suggest that most so-caiied "slip" accidents 
may in fact r^ult from ^^fncQirrect placement bf the fbbt when hegbtiatihg stairs 
Slid viAy not result from insufflcientA traction^ P^^^? out that 

when stair triad surfaces are mainti'rYied clear and dry, severe slips in either 
ascent or descent, dtie to reduced traction^ may be virtually Impossible. Fur- 
ther, these Invest IgatTors point out that a ceri;jSlftvjaraburit of "slip"* is require! 
for sa^ and ef f iclent ^staip negotiation;, And thdt -excessive friction betw^jeh 
footwear arid txjead surfaces may also coritribute^ to missteps arid bther factor 
which reduce rapid egress thfough stalrvkys. This notion is supported by '-^P' 
Carson, ^ et al. ^ (i97S) _whoi finding no_ statistical relationship S^ween gXdf 
accident rates arid stairi tiread Materials, repoiLtrf^ positive cbrTelatio,ri betwi 
stair acctdeiit rat€^ andvCaefftcleuts of,: friction^ However, Carson et al'; 
(19/8) no^e that jpQet'fiG^tOT^bf .friction of materials ordinarily found on 
stair treads ( paA:iculai^;%i' res cbristructibri) fall iri ^ rarige wh^h- 




ctstlcalty^lWJF 
tHer condi^lMtf, 



cannot be sta 
inclement wea 
use of:i put side egress 
tiaiix .§9^^, slippery tRiS ^ 
cor re 1 a t^ri be t we eri ^►,8 ur f rfc 
to correet stlppftry cQn4^t 
behati^or. .For e^xapip, ffi 




with sta^r accident rate^; Wlth^eference 'W 
such as those which may influence t:he efficient'** 
ler/( 197^^ found wet stairs ^^b fiubstan- ; ' ; 

i^y Sigler found statistical 
•a^iderip ra^es. jpeesures tajc^ri 
^1(^0 Ic^d to anoraotoas stptr us^ 
^61) foifnd that--SSbber r^ats and 




Lrs-r" Ho: 
irid 

Esma, 

vatftiah cbatirigs vere each twice'^B hazardous as paint cOTtirigs. or tiare w< 
surfaces of residential stairs; Where" tread coverings (e;g; ,, carpets op 
plastic runners) ;' ar^ applied to _ stair _ su^^ces in residelitial ^riirructures it 
is •estimated that l^he 4"^P^9P^^- #^^^_"99^^ti?8^ accbuiit for as 
^many as id percent jof all s^iir accidents (Velz and HeraoWLll, 1953) .t , 

' ■ - ' - ■' '. ^^^--^ - ^ - ' ^, 

A n umbfi? of. otH^ as sumptions fco^icerB^^ effective erne tg^fcy^st air use ^vblve 
dimenslx>nal -r-eiaCionshiFtf between ^risfexs and/ireUds; as well as the numbt^r oi 



yc^ers 
3talrg 
-tccioei 



pre^eri*t iri 8talr^>^^ncGui.re (19?tP suggest and hbnunifot-m 
be avoided, clefng- al study liTwlitih 22 pe'rc^ntsof all jstair-related 

ributibleLtp excessiveiy steep stair aesiga. Based on gait / 
iuHrtfg'^Jabbratbr^^xperimerics utilizing a raech^riical ^tair 
tpt|rNj;(1974) ^flp that ttmivlduats are least tlketji^to 
whe^n ij^l^ers were between^ 6^ 3 inc'hel^^Oji 16 Tn) _aniV 
7 Jri 
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In contrast ^Neutra (1972) and Carson et al. (1978) fSimd no significant 
correlation between stairway slops arid ' sccideric. rates / These investigators 
note that particular coi?binatibn8 of iri^ser aridttiread dimensions may contribute 
to a greater likelihood of 'missteps » suggesting that more attention be paid to 
these cbmbiriatioris thari to gross measures of stair slope* 

Concerning the potential effects of stair design upon the speed^^nd efficiency 
with which stairs can be negotiated, Frulri (1971) reports a rifiggt lye cor r ela- 
tion between pedestrian movement speed and stair slope, Pauls concurs 
with Ffuini suggesting, on the_ basis of his observations of stair uSe b^hav 
in pyblic buildirig'$, that within a certain range, larger treads pv% 
efficient S^tltz^^tlon Af statrsi : - 




irways . 
assume 



The ^Co4e Is also con^etiied with the prbvisibri o^^ati^Xatls in egr 
In general, when providing handrails, the de^gner and botl^tng offtc 
that the, proper location (arid subsequerit , u^e) of theae eleraerits prbmbues rapid 
and efficient use of stairs^ partlcula^y during emergencies, Slstlsrly, the 
i^ramission of handrails^ or ,cheir improper design or location, may be assumed to 
increase the likelihood, bf stair acclderits arid b'f^bther Impiedime.rits to safe 
and^apid movement. The literature on stair use behavior and stair* iaccidetits 
. reiwains equlvpcal on thi*^e points. For example, while McGuire (l97l) and > 
Templer (197^) attribute a/substaritiH prbpbrtibri- bf stair acclderits studied 
to' a lack of available handrails , e^rsdft et al.^(19f8) could establish no 
significant rela t ions hljpr' between* the presence or absence of 'handrails and 
accident rates. Iriteresti-hg^i Carsbri et al, *(1978) ribte a pbsitiye relitibri- 
ship between handtatl availability and such ^ess serlous^st^lr incidents as 

_ _ i ..^ _ ■ _ _ _ _ _ _ , ^ : . * ,y 

qiissteps, _ _Thls_ relationship^ ,however'_, is coiinterinCuitive ^' since missteps 
were fOUnd'^by these rt^vestlgatbrs tb t>e rabre ' f Jrjequerit iri cases where handrails 
were in "fact availablie% '^g';* * . ^ 



^wever, nihese. investigator ?^rid that IThe severity bf stair accident^, 

tends to increase wh^n handrails are^absent , _0nd that in general, acpid|ji^.£it,s ;pn 
stairs wjthbut fharidrails tend to result in_ mot?^ seribu^ bodily inj.iiries;«,^v t^ 
this regard, PauliS (1980) has pointed to the J^rjH^^needs of individuai 'bcfeu- 
pants for hanjiraii Support, *Archea et/al. ^19795^ 'SIsfo, found dif f ereneSL_in the ^ 
need fbr| haridrall support betweeri elderly persbrie^ chil^rei^.| able- bbd led adul^el^ 

and other indlvt^Kials^ <* . * :: 7 ; 

. : A. / ' 

Benefits derived from ptby^dirig ceriter , handrails in wide^ stairs have riot Tjeeri^ 
analyzed in detail by researchers. Galbreath (1969) suggest s^ that white th^ ^ 
prbvisibri of center' handrails* may decrease . the llkel^^^bd bf^^fcldents ^ >^t^lf;(> 
reduces the bverall >^dth of the egrassvfaxA ^rchea et. al, (19791 re^brt tftafc 
no caus^ link between the provisJoojiof^cenOer handrails and §ccitfent ratffs" on - 
heavily-traveled stairs has as yet b^eri eraplMcaJly es|aW^^^^ .'libwever 
these invest tgatours .also recome^d tiie U8etof\lriterraedlai:4^ki^h^ra,ilia^ 



keg^Sdiug the efficient use of pamps under egress conditions , ^^it^' (1971) 
Tound that grades up Jta 6 percent fppeareAto have li^t^le effeGt on piedestrlan 
raovement speed. This fiiiding is cb«.*rbbbra£ed by Tregeriza (1^7o)/whb alro 
notes that a 10 percent ramp gradient could reduce ^upward wa^ki^g ^peed as 1 
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much «B 40 percent. Hbifc recently^ Ehp tmportanco of ramps as raaans^of ^Ingress , 
feKr!oft«;.and Interior cUculactdn hsb baen heightened by concerns _ for handicapped 
bcifi^ta of public balldlnRs. Tregenz^ (197g) reports that ranJVa steeper Chan 
^ftSxctfSd can be dangerous for wheelchair users and other persons wl|h motor 
•distill ties. Stelnfeld (1975) r€co.t.ji.e' Is that ram'ps .^e^lgned for disabled , 

pant? vary becwe-n A and 8 percent, wl ch 5 percent as the preferred deslg^ 
vaxue. Walter L1971) sUigests that a 7 percent gradient was opclmal^for _han4m^j. 
capped uiers. To date, no evidence was found eo support or refute the stlp-;^^^ 
resistance features W^mp provisions of the Code. - • 

' ■ ■»•_.*__ _ , _ 

Assumptions considered In section 6.2.2 consider the Influence of 8Cres^r;#nd/ 
fatigue on occupants* cap«vUitles to safely arid effectively negotiate egc-ss- 
waysT A numbec of these assumpClons assert that the IrifHtratlon of smofc« Into 
egreiiways -uch as Stairs^ because of Its potential effects bri human reBplratory-i 
visual, and nervous systems, may exert physlblbglcal stresses on escaping ocr.u- 
pant« reducing theli^ egref 8 capatlllttes . Perhaps the most prevalent flre^^^^ 
prodilb-ls tbxic sBoke, a crlfcal constituent , bf which 1.8_ carton nonoxtdeteo) . 
A rSit of e?cpevlm^nts'have been cbriducted to etaiy the effects of high doSes 
of>CO op heth cbridltlbned arid unccnditicned responses of laboratory anima.s . 
(Laelw aria Merigan. 197f.). In most" o? these s^udli^.^ |the bH8ec of abnormal 
b^Tvtor occurs"^ at CO concentrstlorip of betwean 260 an^ AOO parts per million 
for a iiuimum'expbsUfe of one hoar. -These coQcentratlons are generally , 
associated with carboxxhemoglobln (COttb) levels of between 13 and 25 pejcent, 
- ■ : • ■ : . • - - ■ ^ 



- ^ 45 . ^ ■ , 

^Petajan (1976)'ha8 pointed out on~^J|e tgsls cf his experlments^w^h lab^atory 
animals chat nonadaptfive behivJ^jr may result frpm_liapatrment8 of animals abtli- 
tiec to process arid utilize new envtroKnental information, rather than from : 
purely physlolOfilcal impairment^ §f Serisbty and mbtbr syatems. Obvloasty. the . v- 
e3.amtnatton of human cognitive, sensbry, arif motor behavior under exposure to^ 
■ high concentrations bf CO for protonge* periods is life-threatening and Is not . ^ 
advacat'ed here. A number of experiments ujili-ing huinatt subjects have been 
carried out, however, to study pbtentlal ef rect5 relatively low. CO concen- 
trations over time period's somewhat charact'tei^^c,;pf those, encountered during 
fire emqfgencies. Under euch con<}itloni. mdst llrf^^stigaWrs. fioqnd that COHb 
level ofup to 30 percent had little effect of human psyahonfoe^r •reevj.n-je pat- 
terns. -even wheri subjects viera- ejrposed to low ccncant^C ion CO^fbr five hoars 
- (Mllkulka. O'Donneli, Selnig and Theodote . 1^70; Stewart. Peterson j;^>d^uretta. 
/ 1:970; b'Oonnell, Mllkulki, P^inig and Theodore. 1971). R^sulta ot.theSe studies 
Suggest that mbderate doses of eo,*as might 1^ experienced under cd-rt^tnconat- 
' ttons dirring building "irei, would ribt adversely affect occuparits' escape per- 
formance to any significant degree. Tn support of these eraFlrlc^J-, f ltt&i.n|s, 
pbst-mcidenc fire tnveetlgattons by Wotod Cl972) arid Byran (1977) reveaUd^that 
''. a- substantiai -proportion bf individuals iriterviewed moved througU smoke.^whlle 
'■ ■ evacuating,' ancr JtJi4t some of Ches* occtipan|#f may have traycis-3d- up to^^OO feet 
) (122 4n) in a BmoVe-fllled eiTvlro'nm^t . Wood called this finding -'snrprising . 

■ * : fe. -. . ■ " ■ ■ , - - i - - - 

Ihlse findings indicate thit CO contributes , to per forinance^decrement during 
Mres in onlv Minimal ways. Hb'wever. ariecdbtal evlderide from actual fires . 
provides a cbntradlctor'y viewpoint. The December 4. 1980 Stoufier Inn- fire |,n _ 
Westchester County. New York. (The Herald Statesman, Pecetiber 14, 1980^ pxo-^ 
vtdes a case in point, jrhe fire department was on the scene- wiJJiJn 12 m.tnutes^ 

f 1^- - ■ , 
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of the fire's IhltlaL detect Ibri, arid fbiirid that^ riiiniber of vlctlmo HaH already 

died* from whnt Is believed to have been CO polooSln^* County medlc/iL exaralners 

have speculated that in this case the presence of aiitomatlc sprinklers might 

not have prevented the rspld spread of tdxic gaues which are believed to have 

been the cauoe of death for nuaerouu victims. In one inbtancfe^ the last perfl'^n 

leaving a room lriadve«:teritl/ made a wrbrig tiirri ^rid was sbbrt bveircbrae by smbhe. 

This Individual died as a result of toxic gas Inhalation. Suvih events a& the 

Stouffer Inn flreand the recent hct'ei fires in_Las Vegas . Nevada ^ point to the 

rapid Incapacltatlori of occuparits as a result sf srabkc p^^^^^utts. 

» 

One er'^lanatlbn for ♦'.he apparent disparity, between research findings a ud 
anecdotal ac court ts cbrtcerrts the rtaUure of bulldlrif; materials which ^ diirlrig tire 
conditions » release toxic products. For example, an experiment by hltCT^ell 
(1978) demohstrdtcd that the time required to incapacitate laburatoryiats wns 
less in the presence of burnjlng synthetic pdlyineric f Lrnishings • than in the pre- 
sence of burning natural fibrous materiaTs; Extremely few data arc car -^ntly 
ayajllable regarding human tolerance to short term expbflures (I .e , less Lfian 
five minute?) to high concent raCions of multiple coptamir.arits . Hiv/ev';r, the 
inhalation of hydrogen chlorAde sinultanecusiy with carhf*n monoxi<!e is now 
known to be cbrrbslve to human resplratpry organs (FHlllips j _ 1978^ . _ A *;in;;;c 
material comprising a rooa furnishing may release a reiatl/ely harmJ ess tbxl*- 
cant_when Ignited. But. when such toxicant? combine with oUher substanctss tn 
the fire erivlirbrimerit , the result may be debilitating and even lethal (Phllliua, 
1978). 

^?^99^^?^:^ ''^^t* the Ihf lit rat ion bf fire products into 
egress\«ays, is visibility, ^htiltps (1973) noted that when hydiogen ohiorlde 
gas comes in contact with the ^uman eye hydrochloricacid _ Js fonnad , causing 
intensf^ pain ai>d tearing, arid interferirtg^wlth normal vis lot:- Amrebril^ and 
fluoride gases have similar effects. Such toxicants are capable of impairing 
human vis Ibri even before smoke density is sufficient to bbscurc vieibiliry 
through d If fas ion; Experimental data reported by Rasbach (1975), and Jlri 
^1976)i irfaicate that when visibility is reduced to approximately five metere, 
_?^^J^^^i J^'?_"^i9^ is irabaired. HbWaver , these - 

findings. are not corroborated by dl^ta from post-incident servers collected by 
Bryan (1977) and t^ood (1972). ^ 

Research on the effects of CO also has indicated that this toxtc^iit may 
influence tje visibi Il.ty threSh^lH (McParlahd^ Rbughtbn^ Halperin and Niven» 
1944; Halperin, McParland, Nlvel^ and Houghtori, 1959). recerit studies have 
suggested: that visual functic*.. 's relatively insensitive tp c6'(Sat-7atore , 
1974). tov'ever, Latltrs arid MerL'^ah (1979) .;ote that the b*' ef Exposure tb 
particularly high concentrations of CP nay Iropalr vision. An artecdbtal account 
bf one victimls experience fj»iring the recent Stouffer. I , fire illustrates this 
phenomortort. This Iridlvidual reported escaping only aft*ir having seen a "flfish * 
of light" (as an exit rtoor was raoraentairly opened). Mthou^h the iridlvidual 
quickly lost siglit rf thc_ light source Itself ^ he did remember the general 

from which thej*:^ght hue" "-^r.e. Thus, it would appear that .le bccu- 
pants are often wtiling to walk threat a sooke-f illed egresswav, the Irifiltra- 
tibn bf smoke and toxic gases _<nto s. :r «ihaancls may^ create phv* I.ologia*il 
stresses which Irihlblt eftectlv' /^"re >ehuvibr. 
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The hypothesis chat persons>wlch fear of high places (acrophobia) coaid panic 
or otherwise slow raoyeraent on unenclosed outside stairs Is reasonable but must 
be qualified. According to fcnowledgeabte experts who treajt acrophobia cllril- 
cally^ the following ecenarids are reasonable: Faced with a clear ilfe-or- 
death situation posed by a fire emergency,, loany arophoblcs will SH^icessf uliy 
use an unenclosed outside stair if there is no other alternative. If ic is 
^lear to the acrophoblc that others who are fating the fire emergency" are fear- 
ful , many ph9blcs are less likely to have the phobia interfere with using an 
outside unenclosed stair. If the Acrophoblc is with someone who can guide 
this individual and zQff^r him oriier physical arid psychblbglcal support during 
egress,^ Che acrophoblc is increasingly likely t^ use an outside Uriericlbsed 
egress stair. Of coarse, if, the outside stair is sufficiently enclosed to pre- 
vent the phobic from seeing over th^ side or down, this will make the outside 
route aceeptable to the acrbphobic since the cues that would arouse the phbbla 
are avoided. There is consensus arabrig expert clinicians interviewed by the 
current Investigators that a property enclosed outside atalr should increase 
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In adaitlbh^ the ihfiltratibH of fire products, t^toegreesways may sUbstaht ially 
Increase ambient temperatures in these spaces. ^^Mura (1975) reported that the 
highest ambient temperatures which humans can tolerate without undue physiolog- 
ical stress is 42^C (lld-F). Most of the literature ori human physlblogy under 
high temperatures has been cbhcerried With relatively long-Arm endurance, arid 
stress due to heat has been examined primary in relatlbri to performance decre- 
ment and fatigue by hum^ans performing experimental tasks Iri labbratbries 
(McCormtck, 1976). 

The present review bf the litirature yielded little inforruatlbri cbricerriirig 
potential effects of dead end cbrrldbrs upon egress time. The perception Chat 
dead end corridors contribute to fire dee ths arid Irijuries continues to_be held, 
however. For example, Weatchester County (New York) Executive Alfred Del Bellb t 
called for a County-wide fire code provision prohibiting dead-end corridors, in 
the immediate aftermath of the Stouffer Inn fire (The Herald Statesman^ Decem- 
ber 6, 1980). The current investigators' examination of the Stouffer Inn floor 
plan^ indicating locations where fire victims fbuhd (as published in the Herald 
Statesman), however, yielded no direct evidence that the preserice bf dead end 
corridors in that building was a direct cause of death. It should also be ' 
recaUed that Best (1970) found, on Che basis' bf his field experiments under 
nonemergency conditions, no stat_ist{ cally significant relationship betweeri the 
presence of dead-ends arid subjects' reports pf being lost. 

One somewhat obvious argument fbr the limitation o^ prohibition of dead erid 
pockets. or corridors concerns the ribtlbri that a person may suddenly become 
Intensely stressed psychologically upon realizing that ari erroneous — and 
potentially very costly—egress decisioK was raade. Although the literature on 
humatT behavior during fire situacioris sheds little light bn this notion, the 
psychological^experiments indicate that when tarn's or other adjustraerits are 
presfent in pedestrian routes, experlmental_8uB3ects perceive these routes CO be 
longer than linear paths of equal length (Sadalla arid Magel^ 198^5 . this phen- 
omenon may contribute Co Qccupants' perceptions of increased distance (arid 
tirae)-to-safety when .dead ends are encountered. Indeed, the perception of 
Increased time-to-safety has been linked ^'panlc" (Jarils arid Mann; 1977). 
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the lllcellhbbd chac.acr8phoblc8 will use the Stair during a fire emergency as " 
current Code provlalori for meeting the' needs of acrophoblcs. ^ 
Thus the available literature supports behavioral assumptions on the effects 

an""eK °oc^r"1u"HlTl'^ r^^^^^ corridors^ ho^vefrre^ilS^e^ ^ 

occupl^ni'th feaf irilK PU".!""^"' " .oncer.lnf^ 

Behavlofal Msumptlohs enumerated in section 6.2.3 addresi the Influence of 

of°°egrL:'"' Jew'dat! '^^^1^^'^^^"' C^^ne^^tlltf means . 

occuoant« describing doo.^ operation by building 

veffriai ha„%'.rl^"^""''H^ Individuals .pply rliht-h.nded statl^ 'e to^ . 
ihT^ q - ^ • somewhat less than 5^ pound p of turce may In fact be avail-. 

wlt\''pot°n^L'n%%^^^"a"'^'^^^^ «^""r^ additional d^hamL for«.s assoc!a eg ' 

^Decterrf! ir "^^ °P " * ^" idd'^lon, occapa^a can be > 

oTthrbod°.\f n^ecelsarj?"^' ^^^''^"'^ '""^ ^'^^"^''^^ «.nd o^her portions / ' 

users x;hey_ob8erved coald^xert fo'-ces sr^l^t^r- f-u^r> j i- 

required dlreccLnrrin iddl^ion. between 33 anr4rpfrWn o^"l'other dls"' 
dtrecei?^"^' '^^""^'^^ than ll^pounds In any rlqulred 

evertJ°"l J--"v avallable^e^tde„?6 'kl.b su^^^ Chat disabled pJlJlatib^. 
50 lb (222 S whlTlf Jh -nonserlous- dlsablUcie.. are not able to ex.rT'^ 
ju ID N), which Is the maximum force permitted to open a nonfunctional 

power-opera tftd door (see Margulls, 1981). . nonfunctional 

fires °Ya2^ ^07.^ survey designed to study walking and p^Slc behavior durlnp ^ 
the flow r!t^ Iw \ ^""^ configuration of doors Influeh". ^ 

i^r/i^r^^f ^l^f'^f'' e'cample. sabstancial decreases in flow 

traffic Th^.^H ^'°°" r^.'^"' °^^^^^ Stow of pJestrlin 

dlll^n^H ^ ^ ^Iso noted that people often tended to pull at Soors 

'wlth^the bneirtl" "^"'f ^"^^^ occapants' lack of familiarity 

wlch the opeartlng characteristics of Various types of doors may lead tb 
Increased evaCuatlbn tlme^ may leaa to 

J?««Si !r'' '''^ exception of data ftscrlblhg ^pahl^ bar operation (primarily by 
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Technical atrengths grid- wea knea sea of the li terature . Many of the behavioral 
assumptions relating to Code provisions intended to raaxitaize the safe and effi- 
?^^"?_D^g9t^:4^ipD_of egressway^by occupants focus on vertical components of 
'building circulation systems (.i*e.» stairs and ramps). Although several stud- 
ies provided data concerning stair use, the application of much of this data 
- ^P^?^^f^9_^^^8ue of emer^ for a number of 

important reasons. First, all stair use dsta available in the lltersture are 

either from field studies conducted in everyday, nonemergency baitding 
environmencs (e.g., Carson Fruin, 1971)^ or from experimento 

^ utilizing relatively unrealistic laboratory apparatus (e.g., TempJLer, 1974), 
T^"^»_?"^irbrimerital cues and stimuli ^ sources of psychological and physiologi- 

^^"^f^^ /^^^W'^^^J^^^^^^^ and vigi- 

lance may differ widely between settings from which available data have been 
gathered, and those fbuhd during actual fires requiring rapid emergency egress; 

Second^ the nature of the available data on stfiir use behavior presents certain 

^"^fjl^ng design arid regulatory analyst^ there^have been 
no attempts to systemattdally compare stair use behavior^urider different 
design, structural^ and environmental (e.g.^ ttmoke) conditions^ Hence, there 

basis for detennlrilrig the relativ or disadvantages of 

particular conditions. Worse, with the exception of Templer's (1974) research 
9n_^he bioinccharilcs of stair negotiations ^ all relevant studies involve nort- 
^'^P^^^"*?D^?^ _'^?^??*'9^_^^^^?^s» Thus, everi giveri a coihpaVisori of design^ struc- 
tural, or environmental conditions, these research designs do riot allow 
researchers to draw plausible inferences sbout the. casual relationship between 
these antecedents and stair use behavior. Similarly^ the failure of irivestlga- 
s tor^ to make systematic corapsrisons between occuparicies , classes of events, and 
: occupants of varyirig capability render many of the_available exclusions diffi- 
cult to generalize with- any degree of precision th«i^ Is little basis 
for supportingor refuting the acceptance of particular design or structural 
solutions or of erivirorimerital cbjiditlbns^ 

The reader also should be cautious when making generalizations about the use of 
"^^P^ ^^^J^^^";^ during acfual fire? slcu^ the basis of avail- 

• able. data. Nevertheless,^ data reported by Fraln (1971) arid Tijgeriza (1976) 
wHlch suggest that ramp slopes greater than 6 percent substantially reduce 
"P*'^^^_^^^'^^"^_^P^^^^^ 4n est^blishirig performance objectives for 

ramp design. By contrast^ the lack of data currently available to either siip- 
P9??_^7_'^?^yt^ assMraptic.is about the role of weafher protection aj^ksllp resls- 
tance In ramp design nsake analyses of certairi €bde pr ovi sibrig ^^ge^^ls time 
impossible.' ' N« i, < 

The literature on respiratory and visual' ja tress arid ^fatigue repbrts data which 
hire bf teri only iridlrectl^srelevant to anayldes of egress time. Moreover, 
^^*^^^*^?®_9??9^ ^^t^J^^'ture, when relevant^ _ are sometimes contradtctoryi 

In most cases, studies of CO exposure employed wellcbritrblled labbratbry 
- prbcedures./ While laboratory experimentation is intended to aszfure Internal 
validity, its very strerigths may severly limit the extent to which inferences 
from experimental data can be generalized to complex settings ericburitered 
duririg real fires.. Fbr example ^ experimental data' describing the effects of 
long-term exposu^ to low level cbriceritratioris bf CO on behavior should not be 
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aBsaraed to describe behavior uM to relatively high level 

CO concentrations, or under conditions when CO combines with other tbitlcants. 

^^^^^^^^ 5^P°^?^^_^y_??y^^ (1^?^) ^nd Wood (1972) are relevant to the role of 
embke in analyzing emergency escape behavior. ^foweverj^ neither InvestlgB^ 
actually measured smoke density and levels of CO and o?her toxicants, nor sys- 
tematically correlated characteristics of sinoke-f llle<< ehvlrbhnierits (beyond the 
mere presence of absence of "smok^-) with such observed behavior patterns as 
re-entry. - 



Dramatic decreases in occupants' cgreas capabilities arising from 6he exposure 
^^_!^"??D_^y^8^9 fire products have been well documented (phlliips ^ 1978) • 
Such performance decrement la almost entirely^ physl6lo^ In nature. In addl- 
tlbh, reductions, In visibility^ while they do not physiologically affect the 
eyes, may psychologically a Research by Jin_ (1976) , Rashbash 

(197:5)^ and Watanabe et al. (1973) ^as begun Co yield physical measures bf 
yislblllty distance under varying levels of smoke 'density. Tl3wever> no Inves- 
„i^^^°'^^J^^''^_f?piFically stu^ of visibility decrement on 

egress decisionmaking , strategy formation, ajid on other cognitive factors which 
i^fi^^^^ overall egress time. Fbr example^ smoke may be presumed to slow 

-P?®^^ "*^^?*^_^?^?alh coridltlohs, and this Increases egress time. But 
perhaps smoke also prompts occupants to seek alternative (potentially smbkefree) 
P#^*^?_?o_8afety. How does this behavior influence egress time? Does the need 

®?I?®^_??*^ategy create additibrial stresses fbr humans which 
exaggerate any time lost negotiating longer paths? 

Similarly, it is not now possible on the basis of available literature tb 
evaluate either Code provisions intended to limit dead end corridors arid tb 
??iH^?^?_*^^®_4'^^lgn of outside stairs, br behavibral assumptions concerning 
occupants* use :of these design xeatures. televarit research has suggested a 
number bf useful hypotheses. Hc'^ver, these need to be empirically tested. 
9"^?^"^ ^^ADi^al assumptions regarding the behayibr of acrophobics do appear 
usef ul in understanding certain pt-oblefis in the uSe bf uhehclosed butside egress 
•stairs, although the effects of acrophobia on egress behavior in the presence 
of life-threaterilrig erivirprimerital stimuli are^ at present^ little understood. 

Cut'rent data are not useful for describing the effects of door and hardv^re 

^P^^ ^^^?"?^i9P ^i"^?^ Much of what is avaliabJe provides a basis for 

the desigrt of doors to be operated J>y handicapped persons . Today , ' the building 
4^?iS!^J:9^""ity generally that design solutions intended for handicapped 

persons sWoald pose no obstacles for able-bodied persbris. Hbwcver^ there 
remains ni generally held analytical base which either supports or refutes 
behaviorj^ assumptibris abbiit dbbr use* arid i^lated pr^^sibns of the Code . 

6.4 SWCMARY OF CAPS IN tHE TECHNICAL LltERATimE " 

* 

6-4.1 Research on the Affect of Stair and Ramp t)€ sign on Occuparits' 
Capabilities tb Safely and Rapidly Negotiate Egressways 

; _ _ . . J 

The stair use model proposed by Archea et al. (1979) has i^und some support in 
Ch^e accident arid hiimari factors literatures. However, connections between 
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} MPf^ific perceptual failures ^d^ideni raodaliCie&, as predictea by this 

r^^^^ ^'^^^ ^®P^??^?^^^ Even niinot' iCair niishupc can 

be sighificanC during emergency evacaaclons. Insofar as Chey block egress 
* P^^^??y?_§D<l_8low pedestrian flbw^ and increase overall exit tiiae. To the 
degree that perceptaal failures inde increase the likelihood of such events ^ 
their specific role must be more folly understood- This understandably will' 

informed as to opportunities for mitigating potential 
sources of increased evacuaclGn Clroe. For example, it is important for 
designers to comprehend the role of color, lighting, and sarface texture in 
^^^^P^D^?' 9^ ?^?i?way8, precisely because these factors may either clarify 

or obscure visual and tactile Btlmull nece'ssary for efficient stair hegptiation. 
Changes in occupants' attention to stair-specific environmental cues, parCicu- 

^*^^^?_?^iS^_™?y_^^_^^9^g^^^ about in a rapidlj^ changing fire emergency 
scenario^ have not been Investigated and therefore require study. 

> . - ' -/ - -- ■ - : _ 

J^,^®^^^?^ 9n ?i?^?;~tt9§4 ^i°»ensibris is not sufficient to permit 
conclusions regarding stair dei^ign practice for emergency escape. Future 
research pn this topic should strive to ascertain the degree to vfhich parClcu- 

J^j^^^^'"^'^^^^ ^"fl^9D59_9gF^ss flow rates on stairs. Similarly^ 
future research on stair tread'and ramp surface Creacraerit should be directed 
CovaM deyelbpirig standard f riccibn-versus-f low functions useable by designers. 
- _____ ^ _ 

Ramps are frequently provided to facilitate building access and egress by 
^^^^^^'^PP^^ PftW^^^ thbse in wheelchairs. In an, ijicr easing num- 

ber of instances, designers are providing ramps exclusively for changes in 
" Afy^l bf less than one stbry.^ In such cases ramp« are clearly useful by both 

this be naid for many elderly 
iridiyidualsi or for people suffering degenerative decreases of the foot, knee, 
^"^^^P l^^"??Z__ro^_?y'-b_individu^ the presence of a ramp may have an 
appreciable effect upon the selection of an egress route, arid hence, impact 
these pebple's egress times. Differences in ramp effectiveness oast be studied 
^^'^^^^ ?'^°'^P^_9^ P!^^P^^_?^o ^if fe libbility characteristics before designers 

can. provide facilities ^or vertical movement On a_well-infbrlned basis. Simi- 
^??^?» !^esigners require information describing the relative effectiveness of- 
stairs versus tamps faring egress, for ribriwheelchair-bbuhd occupants. 

6.4.2 Research on the- ^f feet bf Stress an Fatigue on Occupants* eapbtlttles 

to Safely and R^Mly Negbtiate Egressways 
__ _ — . _ _ . - ' ^ 

Behavioral assumptions suggest that .the infiltration of fire products into 
. egress ways adversely influences egrgss flow require further empirical verifi- 

cation. Available research and anecdotal accounts dtscussl-ng the effects of 
CO exposure are contradictory arid' bf limit^ed utiltty. While certaih effects of 
short duration exposure to tow doses of Cp have been noted iri the lUterature^ 
^^'^ff'^^nces from these findings tb-behavibr;^ during acttsal building fires are 
difficult to just if y. Tliisrepo db not advocate the use of _ human 

subjects in experiments which accurately reproduce the toxic arid other life- 
^?^^?^^Di!^? 9^^1i?ie*^ bf fire environments, they do, however, suggest that 
^'^^^^^ ^^P®*^i^C*^^®_^it^in toxic erivirorimeirts, as well as simula- 

tibri excerclses using human subjects, be redesigned to account for greater 

■ ^ P^^^5^5?S^?_9^_9*^??De<^us variation due t<i likely environmental effects than 

:k has bee<i_accommpiished to date. 
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Studies of respiratory,. ^visual ^ and temperature adaptabiitty of vdrloos 
occupants under a number of fire scenarios are warranted by available evidence. 
For example, contact with toxic fire products may lead^ to occupants 
tat Ion raore quickly In a serilbir citizen's center thairtn an office building, - 
Available knowledge on the effects of visibility decrement upon egress speed 
also requires expansion and verification. * * 

ettnical experience suggests the need to obtain evidence to specifically 
determihe the adequacy of the Co<le prbvisibri addressing the needs of aero- 
: phobics. This provision requires stairs three or more stories in height to 
have partitions at leaSt 48_inch high. However, clinical experience sugges 
that partitions are required on outside stairs at least two stories in height, 
since the acrophobic response may be likely on an unenclosed stair two stories 
high. Clinical experience and anthropometric data also suggest that a inch 
miriimLira ma^ be tbJ low. While it Is cttttcal to have a stair properly enclosed 
at its entrance, there is debate among clinical experts about whether enclosure 
should continue to the bottom of the tiin, a point tha^ is unclear in the prov.t- 
slbri. As for tV,f. nature of the enclosure, if the walking surface Pf the land- 
ing, cr treads o** an outside stair permits the phobic to see dbtnu through the 
metal elements, a phobic response is likely. So, too, P^^^^i^ ^^SP^"^^ 
likely with an enclosure that is only 48 inch high. A significant portion of 

the population (assuming that acrpphpbics are representative bf the larger 

population bf their sex in height) will be able to 3ee over a |48 inch partition 
and down. ' ; 



6.4.3 Research bri the Effects of Doorway and Door Hardware Design on Occupants' 
Capabilities to Safely. and Rapidly Negotiate Egressways 

Current research on the door-aanlpatattng capabilities of handicapped persons 
shoqld be expandedto include. all categories of building occupants, as well as 
the wide variety of door' and landing configurations. While the design of 
physical elements (doors, hardware and spatial configuration) comprise one 
class of independent variables ^ ambient environmental conditions provide 
clasb. As a point bf departure, future investigators should be concerned with 
identifying variations in door manipulation performance which may be •attribut- 
able to changes in lighting and visibility. 

Another important gap in the technical literature concerns knowledge of the 
relationship among stress, fatigue, arid evacuees' capabilities to raantpatate 
doors and dobrJi5i3iwffr^T'--"-^iiips' (1978) comments illustrate this critical ^ 
although l^l<fTeunder8tp6d i I»s^ She notes iftiecdotesdescrifeirigeva 
clawing at dobrfcriobs under srabkfey^nd ftre conditions; apparently these indi- 
viduals actually thought they^wer^ properly turning the knobs.. 



6.5 SUMMARY * . ■ ^ ^ 

Insummary^ huralri behavioral assumptibris believed tb underlie X^ode P^^^^^^^^^ 
relating tb occupants' capabilities to safely and rapidly negotiate means of 
egress ^aay be evaluated ,by ref/Scence to bibraec^ariical models of human mbveraerit,^ 
tbxicblbgical research, 'stair arid ramp use field studies, P^y^i^loSic^l measare- 
raerits, arid^ ariecdbtal evidence from actual ftrfe: incidents . At present ^ much of 
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the evidence^reported in the experimental and honexp^rlmentai litetatures on 
occupants; capabilities is contradl&tory, ^resalts irt^mlx^d bplrildhs, and does 
not permit specific cdncluslohs or Ihfet^encee to be^arawn. As a result there 
appears to be no analytical basis upon i^hich to unequivocally support or refute 
applicable provisions. It is left for future research to determine the 

^peclfie domains (i.e.,, bccupan<?l^s of fJLre scenarios) under whiih particulsr , 
data are- valid and ur ful In this context. ^ *^ ^ ^% 
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^ 7. PkOVISrONS GOVERNING THE CAPSCITV OK MEANS OF EHRESS 
. 7-1 APPLICABLE eODE^RQ<^TSTnMg • 

calculated Separately for each l^aiv'lL'al^oor iTth' ^"^'^ ""^^ 

iziii^, No single door In a dporway sh.ll .l^e.s than 28 in.HeS .Id.. 
5p2^3. Z NO ilngie a.or In a doorway. sh.Il exeed 48 inches In v,ldth. 

p^;l^i^S'o^'"^ls1odl^Hal^^l s^'a^sf 'r^^^'^ 5-2.I.I....4 or other 
applied to the aoor-^the slde^Jom^MpS ^"^"lled that when k force Is 

In the direction of exit travel from Tf" " " Shall s^'g 

the opening In which It Is InltaUed Darl^i'f°" " J^^^ Instant u8« of ^ 

op.ned. . door shall not ohstru^J^t^e ^^^^^^^^ ^^^^ 

' ^^^'"^r'i^^m^/s^^ U^'i "direction of 

ney buildings any door, at any point iH ^J^ ?o^block stairs or landings. In 
effective width of stair or iLSg to less tS"** '^^^ ^he 

when^opea interfere Wth the full Use of the 'fairs.' " ° ^"'^ 

Sfe^MMrahKl'Jot restrl^Elhe Into an aisl. or 

- 3.1^ to less^than if ;Je^S,ufarStSUSSr^sp^crfL^? ^"^^ 

P^iHH^lfLfnri^^^e'^i^^ swinging 
area or an occupant load of more ChSn 50 lu.^ J ""^f" "^"^"2 a high hazard, 
appropriate requirements of 5-2.1. " conform to the ^ 

i=hhhl^ A revolving door shall not be used in a of egresi. 

outside, in whicfi ^aser ^Upharge directly to th^ 



^-^^^^^^no^^ re.^U.,^,,, receive credit as cbnstUuting 
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The number of revbivjng doors used as , ex It doors shall riot exceed 



the^nomber of Bwlngln!^ /doors used as exit doors within 20 feet thereof. 

Exceptidh: Revolving doors may serve as exits without adfaicont Ringing doors • 
^''''^l^^J^^^^^^^^ lobbies, if no stairwii^^ oj^ floors from other parts 

of the puilding discharge through the lobby, and th4 ^bhy has no occupancy 
other than as a means af travel between elevators and" street . 

^^^^^^•^•^ Revolving db^rs shall be equipped with mearis to prevent thelr^ * 
rotation at too rapid a rate to permit orderly egress. 

^_No tiirristile o^ simalar device to restrict travel to brie direction 



or to coilecp fares or admlsslbh charges shall be so placed as to obstruct any 
required means of egress^ 

- Bxeeption» appro*re^' turnstlJes not over 3 f^et high, which turn freely iri the 
41reation of axit travel, shall be permitted^in any occa^ncy Uhare rmirblviiyj 
aoors are perralttarf, ' ' ^ 

4- 2.1.3.3.2 Turnstiles OV6? 3 fe«t high shall be pubject \o the requl^eSenM 
of revQlvlng doors. T ^ ^ 

^^^•^•^'^ Turnstiles in or farntahtng access to required exits shall be of 
soch design as to provide 22 Inches clear width as the turnstile rotates. 

5- 2. 1.3. 3. y Nbs turnstile shall be placed In any required means of egress. 

5-2.1.3.3.5 turnstiles shall be rated Che same as revolving doors as rcRards 
anits of exit width and rates of travei. 

1^"^^:^;^ Stairways ahd inEermedlate landings shall continue with no decrease 
In width albiig the direction of exit travei. 

5-2.8:2 .it^ A single escalato? 32 Inches wide shall be given credit for 1 unit 
of exit width. An escalator 48 Inches wide shall be -given credit for 2 units 
^ or QXlt w^dth. • 

^-3 , 2.1 ^fea^8 of egress shall be measured in units of exit width of 22 Inches 
Fractions of^a unit less than ^12 Inches shall ri^tbe counted. Fractions of a 
antt comprising 12 or more Iriihes^ added to one lor more full Units, shall be 
counted as 1/2 unit of exit width. ^ 

5^3.2.2 Width of means of egress shall be measured l-h the cl^ar at Cher > 
narrowest point of the exit component under cdrislderatlbn. 

__ _ - ■ . 

Exceptioh r^o. 1: A handrail ma^ proj^ inside the measured ^wtdth on each side 
not more than 3 1/^^inches. 

4|3^^ Capacity of^^^^^^ Jhe Capacity in number of persons per unit 

of width for approved components of means of egress shall be as follows: 
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(a) Level of egress cdmpdrierits, a Class A ramps — 100 for triivei In eitlher 
direction. » I 

' r'r 

(b) eiesa 3 rarapa— 60 for travel in the up direction^. 100 fo^ travel tn 
the down direction. . • 

(c) Stairways— 60 for travel in either direction. 

j. The minimuni yidth of any way of exit access shall be as specified for 
_ individual occapanciiSB by Chapters 8 through 16; but in no case ihall such 
width be less than 28 inphes. ^ 

JJzhliLd. Every required exit, exit access and exit discharge shali'^e 
continuously maintained free of* all obstructiona or lispedimerits to full initaht 
use in the case of, fire or other emergency. 

^HAVIORAL ASSUMPtldNS 



— - - .1 # - • 

7.2.1 Assumptions Pertaining^to the Influence of Architectural Barriers and 

Other Obstructions to Egress Flow . • 

Intended maximal use of ieans of egress can only be achieved when 

egress ways are maihtairted free of obstructions n7~l«2.1il). 

Blower through doorwavs with fflgllions than through those 
without mullions (5-2.1.1.2.2). 

^ Doorway wldtJ>; ihflUences egres^^ tiie; the optimal width is 28 through 

48 inches-(5r-2. 1.1.3.1; 5-2.1.1.3.2). ' - 

(4) Architectural bbstructioni Wlthlneg^esswiys (e.g. door hinges, 
railings^ etc.) may reduce discharge rate (5-2* 4.1; 5-2.1.1 4 2- 

»5-2*l. 1.4.3). ' > ' 

(5) The degree of redaction of egress time'-'ilue to obstructions In egress 
way? is a furictibh of occupant load (5-2.1.1.4.%). 

,- - _ \ ' 

(6) Revolving doors may increase evacuation time by as much as iOO 

percent; revolving doors cause congestion and a -bottlenecktng- effect which 
reduces |lov through the egressway; the speed of rotation influences th€ flow 
rate through a revolving door, and wlthia a certain rangCj ah increase in 
speed of rotation results in reduced flow through^the door (5-2.1.3.2.1 through 
5*^2.1.3.2.4). ^ ^ ^ " ■ ; . 

(7) Turnstiles have substaritiaily l\ie same effect on the efficiency of 
pedestrian ways as do revolving doors ^(5-2. 1,^3. 1 through 5-2.1.3.3.5). 

(8) Variation in stairWayj/idth alorig the direction of egress travel may 
result in reduced egress flow (5-2.2.2.5). , ^ , 
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^ (9) To matncaln-adcquate egress flow 6n an escalator, tt mast be wider 
than a conventional atair (5»-2.8,2i A) . 

(lOj Whon an egress chartncl element varies in width (along its length) 
its overall flow capacity is approximately equivalent to the capacity at its' 
natrowcst point (5-3.2.2)./ ^ k jr xu« 

7.2.2 Assumptions Pertaining io the Flow Capacity of Egress Channels 

(1) TJov rates average 100 persons per 22 inch exit unit per Wlnute (pera/ 
anlC/mln) in level egress ways, and 60 pers/anit/ain on stairs (in either 
direction) (5rjp.3). > ^ 

^^ Sen^^ of raips is substantially more tlian that of a^ 

straight flight of stairs, particularly in the downward direction (5-3.3). 

- - - - 

(3) The minimum channel width capable of providing appropriate egress flow 
rates Is 28 inches, although this width ii expected to yield the safloe flew 
characteristics as an egress element 22 inches wide (according to p^vision 
:>-3.Z.l and its Underlying assumption) j(5-3.4.i)i 

(4) Pedes triani travel in linear files approximately 22 Inches, in width; an 
exit between 22 and 34 Inches in width provides the same flow capacity as a 22 
inch exit; an exit between 34 and, 43 inches wide provides 50 percent more flow 
capacity than a 22 inch exit;. a 44 inch exit provides 100"'pfircerit more flow 
capacity than a 22-34 inch exit (5-3.?.!). ^ 

7.3 COMMENTARY 

7.3,1 Problem . > 

£ode provisions governing the capacjfty of means of egresi are intended to 
assure that exit ways permit escaping occupants to evacuate-a burning build-^ 
ing as rapidly as possible. This assurance requires not only that exit ways 
are of sufficient dimension^ bat that they minimize bpportuhttiei for bloclcagea 
or other Impediments to egress flow* as well. Human behavior^al assumpttohi 
which ^nderlie Code provisions enumerated in Section 7.1 addressed) the iriflu- 
«nce of architectural barriers^d other potential bbstructions on egress flow, 
and (2) the flow capacity of eftess channels. 



Conceptual views of pedestriart movement drawn froffl field investigations of such 
behavior are as eful in uriderstah^^ the flow, of occupants through exit ways ir^ 
buildings. Three models are. based on physical analogi (e.g. equating the flow 
of gas molecules with pedes^trlan moven»ent), white one concept is derived from 
human behavioral theory. Their rele>^nce to C6^ provisions and anderlyirig 
behavioral assumptions concerned with the capacity of mians of egresi is 
considered below. 
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7.3.2 Underlytng Behavioral Mbdeli 

S^ii^^f"^ f^^^^ °^ pedestrian movement ha>/e been derfved primarily from 
^^llitl i "l"^ concepts. In general, investigators have distingulsHed high 
«Sovn rH!r°^ 3" A number of researchers hfve 

n^^;1l^ J conditions, high density human movement may be ade- 

quately modeled as an example of particle movement (Peschl. 19^) Or fluid 
dynamics (Archea. 1979. Henderson. 1971). while oth^s have. Suggested that lo^ 
density pedestrian movement is best modeled as an example of gfl flow 
sSL'f tT"^i?^i-: f' ^d^ti^" to the physical analogs-, the concept of persona] 
applied In explaining human movement tn pedastrtan ways (Fruin, 1971). 

The particle model, useful in explaining high density pedestrian flow, has been 
rr.nalo'^oCs to P«-«^Aby Peschl (1971). According to P.schl. crowd moveSnt 
rS-fS K I °^ granular particles from bins. The model recognizes 

s'molv'^lns 1%^'^' "'I ""f^ granules, that spaces within buildings are not 
simply bins, and that pedeacrlan movement li not governed by the forcl of 

particle model posits that under conditions of high dfensitv 
a?e"r t S mlre"?h"n''l'"''r"""'^ have virtaslly no . freedom of moSmen^^ a.,d 
fHri-H ^ c ^"^"'^ comprising a flowing granular mass. The model 

further suggests that the bejavior of this mass may be descrtb=^,them"tlcSlly. 

^^^f"""l''^«"«i9g suggested by Peschl may best describe high 'density oecupancv 
conditions within a tightly bounded environment, under a state of panL° Under 
such conditions, individuals may attempt to escape as quickly as possisie Tf 
^ , he direction of flow?, the^ therl tl flk^ly to a 

uals will °L«t^ Here indivld- 

Hsifc ^"f be able to pass through the exit, but most people wiU 

aa«.^ff "f °'='^"-r«"«=Pfi«8 to g«in access to It. The partlcl' analog 
suggests a vessel open at the top and with a small hole in the bottom. Ball 
bearings are pourfed into the vessel, and these, by force of gravity fall to 
Botto^ whl.l ^'^^--fl• Some ball b..rlngs faJ through the hole'at1L'° 
thrbail S^lnl large enough to admit one ball bearing at a time. Bat if 

tne ball bikings are poured into the vessel at a rate faatPr rhi.„ ms^ ^ i.7 w 
they leave through the hole, ball bearings s..n' b%gi"%ni"ng ^^^'^ 
ing against one another. Soon, very few tf any ball bearlngi are abmitted 

mSke"!? P^^hing down upon the ball bearfngs fr^rabbS will 

make it impossible to empty the vesstl; «u"ve win 

The particle model is uiefui tn descrlBlrig the so-called "arch effect" first 
observed in the field by Togawa (195S). An arch is a ^11 semicircular web 
bfhn^'iH k"*""*^^"^^^" " a doorway by the for|e applied by people 

fa^Jf V f "■"P""^ to move coward the dSorwayl Peschl noted chft the 
formation of such arches, which can prevent indtviduais from passing throulh 
the doorway. Is difficult to predict. He conduced experiment- WiJS both 
huuan sobjects and steel balls used to>Wti?atel<Saia| mas^^ln order tf test 

nf t^f > °' '"^^ expertme^fneschfconcluded that 

(1) the wider the exit way. the smaller the probability ot arch formation and 
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the greater the vartabHity tn flow rate; (2) the probability of arch fonnatlbri 
decreases as Ctirisity decreases; (33 flow rate through doorways decreases as 
density Increases; (4) exit rate^ positive linear function of dSbrway 

width; and (5) palsatlng flow through exit ways often results with the natural 
fonn&cibh and dissolution of arches. ^ 

A clear Illustration of the relevance of the particle model to behavioral 
assumptions concerning the capacity of means of egress , par tlcularly under high 
density conditions. Is found In the eyewitness report of a victim pf the Beverly 
HillslSupper Club fire (The Cincinnati Post^^^harsday, June 2, 1977). The Indl- 
yi^^^l recalled having first wondered why the egress line had come to a halt. 
^-^^ ^*®__P^^^*" ^^^.A??*"^^^ ^ntb the room, in_ question, the 

victim next reported pushing against the crowded line ahead. As fire products 
^P^^^^d the room, frustration appeared to build. At the open exit way, the 
^*?^*'" J^^P°'^'^^^ » P^°P^^ ''^9?tlf necked , " fbrralng ah arch which enabled very 

few people toactually pass through the exit. This individual was saved by 
*l§y^D8 grasped hb Id of the mullion dividing the double door of the exit once 
reaching the arch, and then by finally exerting cbiislderable fbrce and "popping" 
but of the arch and through the door (a phenomenon observed previously by both 
Togawa, 1955, arid Pe-chl, 1971). 

A ^braewhat different analbg useful in describing high density pedestrian 

^^_^^S??sted by the hydraulic mbdel (Archea, 1979). the hydraulic 
model posits that above some level of occupant density, the rabveraerit bf pebple 
thrbugh a rietwbrk consistlri^bf corridors^ doors ^ stairs, and similar archl- 
^''_MD??!9g9y8_^9^^^#_*^owriward flbw the water through pipes ^ 
yalyesj and other elements of a gravity-fed fluid distribution system. Accbrd- 
^P?ly» ^he hydraulic model presents building evacuation as a two-phase processi 
"???^^_"Pi"_P^?^^_99^ simultariebus initiation of move- 

ment directly toward exits by nomeroas tudividaals upon receiving an eraergericy 
"^^s Is presuijied to be analogous to opening valves and filling basins 

^^^'^ P^'^^P^^Ty 9^ (e.g. household 

plumbing). The actual egress phase concerns the deliberate and systematic 
f*"9?'^^^**^9"' ^"^^vluals through various architectural elements until they 

J^*"^^^y ^^^^^'^^ _T^i8^^8_^lewed as arialbgous to the path 

followed bjr water as it works its way th^ngh a gravity-fed plumbing system, 
as the peripheral balris are emptied.- 

In employing rhe hydraulic model , one assumes that accapants being modeled are 

arid Lhat all bccuparits bf a ^ullding or section of a 
building are not only aimulcaneously alerted to the fire danger, but that all 
bccuparits simultaneously initiate purposeful egress behavior as well. Moreover, 

^^^"P*^**^^^ ??^_??^9?^^_^9 urilfbrm rate bf flow^ and to be suffi- 

ciently close to one an^^ther so as to severely constrain each other's freedbtn 
°?_™°y^?'^Dt*_ Finally, the model Asanmes the undlrectlonal flow of occupants 
from occupied spaces along opeclf led paths to predefined exits. Iri the hydraulic 
mbdel i valves and pipes are analogous to egress way elements, while 8ln!-;s, tubs, 

?^yA^"*^°^^^ng fixtures are arialbgbus to rooms and other occupied 
spaces within buildings. Pulling the stopper In a sink Is arialbgbus tb sbundlng 
a^lre alarm arid thereby initiating uniform oiass evacuation. The focus of the 
model is on maximizing the flow capacity bf the egress ways. Here^ flow rate 
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18 the key meisa^e of system performance. The processes bv «hioh k itj* 



tngs. however small. Thas. the h^drLl^c moH.f k P rate) through open- 

caused by Che clbourc of exlr«! model best sttBulateS flow reductions 

Pletely yiedT^^o^LaSt dat«T .f "'^' entirely when a channel IS com- 
vtrtaJly haU^d evenjougS'exl s bnen P'^''^"-^- caa become 

arcb'i<T Tht» aie open,^ Che case Of JammlnK and 

arcb ...^.. This latter phenomenon Is better Simulated by the particle loS. 



cov 
8ur 

ent;ance^d^:rr(norLfo^wbl^h'^etf't^^^ ^arpuihlng-agal^sr the 

.loser an IndlvLu^llaS^^tJf doir". "tb^^^r^^tel was^t'he"! "^^^^ 
Once the doors were actaallv r,n»^s^ i I experienced. 

••swept" int. the SlLe^m 'othlr1ictSs"s ''^^ ^^^^'^^ ^^"^^ 

more doors had been ope.. f^S^peoJlf" gbf fa^'been kll e^^ ^'^^ 
evidence of arch formation was reported by viSL orthL f .J ''^ 
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Hehdersbn. argued chat while nedimo and High density crowd behavior could 
effectively be modeled as a problem In fluid dynamics^ under low densfty cbri- 

_P®^^®5^^^D? i-^ ^ mariner more consistent with the klnetlc- 

mplecuiar theory of gasesi In particular, pedestrlaris. Irrespective of whether 
they move as Individuals or a^ members of small social groups, may be viewed as 

(1) being statistically indeperiderit of each other in position and velocity, and 

(2) moving with a, velocity which is xincortelated with spatial pbsitlbri. 



In Henderson's analogy, occupiinc <l^ri8ity (the riumber of persons per unit area) 
Is equlv^l^ to particle density in a gas. Differences betweeri pedestrian 
movemeitt modes, i.e. standing still, walking, or running, are compared with 
differences between gaseoas energy modes. Pedestrlari mbv'emcnt Is assumed to 
take place on a continuous planar surface, and if the low density crowd is 
/homogeneous, then each Iridlyldual should exhibit both the same mass. and the 
/same probability of attaining expected velocity values Iri a given mode. 
/ Accordlng|to Henderson, these assumptions would not be expected to hold for 
/ relatively high density situatibris. For example ^ pedestrian movement from a 
very large open space through a narrow channel may, on occasibri, re'sult in 
increased populatlbri density. , Where this density is rofftciently high, the * 
^eh^v^or of pedestrians approtchlrig arid moving through the narrow channel might 
be better described by a fluid, rather than a gaseous, model. . Hence, Henderson's 
gas analogy seems relevarit: (!) to those situations where low density crowds 
move within extremely large, effectively uribounded, spatial settings fe.g. out- 
,door malls), and ^2^) to_ those spatial transitions In whi ih density values, 
although increased, still exhibit* the kinetic-molecular properties of gases. 

The relevance bf the gas model to understandJ^ig the capacity of rae^aris of egress 
may riow be considered. .A freqUerit barrier tb free-flow pedestrian movement 
along an egress path way'is a wall contalrilrig a door erisenble. ^der high 
density coridltloris, Peschl's particle model suggests that such ^barrier would 
entr^ pedestrians. Jamming Individuals against the wall and door opening 
(where the door is only slightly wider than any individual seeking tb pass 
through). Under similar cbridlt Ions iArchea's hydraulic model suggests that 
individuals would flow slowly through the opening, and that eventually all 
individuals would pass through the door. Both models hold that occupant den- 
sity in and of Itself produces forces vrhich move pedestrians in a given direc- 
tion, and that such movement is influenced by* prevailing spatial boundary con- 
ditions. Under low density conditions, however^ such forces are presumed not 
to be present. fere. Individuals approaching a pbtentlal barrier (such as n 
transltlbn from a relatively open space to a narrow chaririel) are not likely to 
be either pressed agaljnst a wall, or else pushed under for\:e toward arid through 
a narrow door way or channel. Rather, any Iridlvldual directed toward an open- 
ing in a physical barrier will pass through. Moreover ,seeralrigly random search 
behavior and raeariderlrig, as has been kfiown to occur when smoke severely limits 
yislbility by transient occupants urider low derislty conditions, may, perhaps, 
be effectively modeled by the Brownian motion of gas particles. 

Although not Itself a descriptive model, the psychological concept of personal 
space (Soramer, 1969) Is useful in gaining a deeper and more realistic unders- 
tanding of the actual capacity of njearis of egress. Discussed earlier in the 
current report, personal space ^ers to^he small prbtectlvb zbne , or "bubble,- 
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which individuals create aroand themselves. Perceptions ahd b-»aviors 
associated with the establishmeflti maintenance, and adjustment of berSbnal 
space coraprlse^mechantsnsjby which individuals cope with Poci .-environmental 
^n^n^l!!^°^^ '^"^ "^"t"^ associated with medium and high .density occapaucy 
and pedestrian movemest, I For example, Fniin (1971) and Peils (197*) havS l}^^ 
that pedestrians appea,^. tQ purposefully establish SiniSui distances between • 
themselves^and others. ■^Where occupant density becomes quite high, as in a 
^^rs^n^i' train, 0^ iehind a blocked exit way. the psychological need for 

person^l^.paceapparentfyl.remalns; individuals' inability to i-lleve thera- 
. Belves of crowded condltifens for lengthy periods ha«e been known to elevate 
stress and anxiety. 



Fruln (1971) fbuhd^thac ijadcr high density conditions in public transit' 

^^ r^^^'^*^"^ a^e more likely to close their ranks by reducing Mieir 

snS^ '"^^"^ (stde-to-sld.) 
spacing. Although longidudinal spacing is governed to a greSt extent by the 
maximum^dlsta^ce requlye^ to avoid tripping over another t^dlvidual's feet. 
r„ »"^f^ «P«3t"K suggests that whereever possible, pedes trlani^seek 
to avoid brushing agains^ or otherwise contacting other individuals. Current 
provisionr concerning tM width of stairs and other egress channels, however, 
are not_ based upon ana^ses which specifically consider the role o* pedestrians' 
personal space needs. For these reasons, Pauls (1974. 1980) has drawn atten- 
tion to^che problem, of effective channel width coipotatton. suggesting that 
the traditional 22 inch unit of exit of width, referenced by numerous Code 
provisions, may be uiirealistic and Ipadequate. 



In summary, human behavioral assumptions which underlie Code provisions 
affecting the carrying capacity of means of egress are c^dered in relation 
to three physical models of pedestrian movement and to the psychological con- 
cept of personal space. It was shown chat while these models and the personal 
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AC J .. r -------- -..-^..^^^ u..uc:i.xjrxii{< Deiiaviorax assumptions in 

view of data presented in the technical, literature. 

7.3.3 Assessment of Behavioral Assumptions Based on the Technical Literature 

Llteratare refeUw. Behavioral assumptions presented In Section 7.2.1 consider 
the potential effects of architectural barriers and other impediments to rapid 

i f^f5^°«"P«nt movement through means of egress. Generally, such barriers 
and impediments include doors and doorways, revolving control barriers (i.e. 
turnstiles and revolving doors), reductions m egress channel width, and 

w?dth"h- f ^^K^^*^' K^'^,^''^"'*'^^' ^S*^^" storage. Exit 

Stas i """^ "^^^ characterize and measure, ^eans of 

egress, and for analyzing occupant loading and the adequacy of available njeaiis 

of egress (Shairry. 1978). • ^''^^^oi.e means 

A number of behavioral assumptions are concerned with occupants', use of doora 
during egress. The National Bureau of Standards (NBS) reviewed field investjl 
gations of pedestrian movement during periods of normal building occupancy at\ 

— 98 \ 
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aTiumber of gbverhmerit office .buildings and at. a m^or^rail terralnal (NBSf, 
1S35)* t)n the basts of data obtained during these ^investigations, nbS con- 
cluded that ^he effective rate of pedestrian flow'through doors is approxi- 
mately 60 persons per laiHute per 22 indhj^nit of eylt width (p/n/unit), or 
1^75 p/sec/ra. tlie same report recbmmehds, for the building types studied, 
that up to 100^ persons per available unit of exit width be permitted to occupy 
' ItiCerior spaces. This design capacl'ty-would , theoretically, reqiiire approxi- 
mately 1.67 ratnates to moye all occuparite of an interior space through available 
exits (exclusive of the time It might be required to bring occupants to the_ 
exits from various partsOjf the space). Conclusions reported by NBS In 1935 ' 
remain central to Code provisions governing the cbraputatioh of means of egrese , 
today (Sharry, 197817^ ^ 

. _ _ * _ ^ 

More recently, Togawa (1955) surveyed pedestrian walking speeds and flow rates 
through doors In department stores^ apartment bulldingP, places of assembly, 
and transportation terminals In Japan. His dht^^ among the most comprehensive 
available, indicated, that flow r*tes through doors tend to average approxitnately 
50 pers/mln/unit (1.50 pers/sec/m). A survey condiicted by the Institute of 
Traffic. Engineers (1964) revealed professional oplnionsJsSggestlng that pedes- 
trian flow through doorwajcs averages ^30 pers/mln/ unit (0.9 pecs/sec/m. On the 
basis of these data^ the Institute of Traffic Engineers recommended a <lesigri 
value of only 20 pers/min/unlt (0,5 pers/sec/ii) . \ - 

Some of the mos^ recent data were collected by Fruin (1971)^ who studied ' 
pedestrian movement through doors and other facilities at large transportation 
terminals. Fruin found that queues developed when the flow rate through a 
door was less than that of the feeding passageway^ and that for doors swinging 
^freely in the direction of pedestrian tratr^l, 40 through 60 persons typically 
passed through per minute (0.67 thrbugh t\QO p/sec.)^ Fruin also noticed that 
If a do6r must be operated manually, arid if- the following pedestrian arrives 
before the current individual has completed operating the door, a queue will 
develop behind the door. Morebver^ Fru^n reported that elderly and physically 
handicappcH pedestrians, or persons encumbered with baggage br packages, 
typically require longer periods for door operation. Thu», .pedestrian Ways 



(involving doer#>^-which a at or near capacity, pedestrian loads ate 

likely to generate frequent qceues and similar irapediraerits to rapid, 
mbvemerit . 



free human ^ 



Peschl (1971) conducted experiments to gLSseas the capacity of dbbr openings 
daring simulated panic sltuatlbhs. Under avariety of doorway conditibris 
simulated _in_ the laboratory, groups of pebple were asked to press against door 
ways until all individuals had moved through. Peschl noted that stabl^ arches* 
formed openings o£ -i^7 inches (1.20 m). and that the frequency of arch formation ^ 
increased as door widths became njrrower. Operiirigs bf 34 inches (0.86 m) 
resulted In extremely stable arches, and iade passage through the dbbr alrabst 
lmpossibl€k>.^ At openings of 24 Iriches 0.60 ra, Peschl found that flow «te was 
effectively zero. Under one experiinental condition^ ari' -expbrientially curved'* ' 

<^obr way was used. , According to Peschl, this type bf 
design increased pedestrian movement velboi ties through door ways by a factor 
of tbi-ee. when compared j/lth movement velocities through dbbrs set flush wl;h 
aarroanding wall surfaces; Similarly, when an exponentially cdrv.ed walJ waa 
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tlon to be 2.5 times as fast. PesehJl ai^rnSj .'"''''""^"'^^^^^ curved 'condi- 
d^hslty Increased. Be».n,eht spefrtHroagi dc,"r Sv« "I ^"'^""3 • 
rate of flow through doors was a llnlar ^ n ^f decreased, arid that the 

•Peschl suggested, bri the basis of hls L r " °^ finally. 
±«Medl.te vlclrilty Of . arid llld^'g dlreS'^^^r^ that floor surfaces Iri JuL 
ward toward , these doors, arid thst thrmtnt™ * ''^ =l°P^d d°"n- 

egress Is 47 Inches (1.20 "'Inlmum door width for effective safe 

Mellnek and Booth flQ7«;^ ^x. 

deri«lty exiting condlt k^'''TSeL"re1ea%^te'°T''f ^^^^ 
corispicaous wheri the flow ratrofari exlPrlM^H «n ^'^^^ forn>atlori became 

sec/n,). They al^o noted that thl fre^ncv of ^''80 P^"/ 

proportional to the fiqflare of exit wlTh arch formation Is Inversely 

tlally^htgher than Peschl' s (1971) flld nes^h ^"'^'^""''"^^PP^-^ -^ftan- 
when the flow through doors MrlU to itl^t^r H'^ ^^"-l^" t° fo"^ 

l^r flying consi:fent'wtrpS^hl'"fLta;'° '''^^'^^^ 

of Iritroducttng handrails on Sde stalrf'^o f r^"**"^ °" Effects 

Transport Board. 1958). Stud^Jg ^hf ^o^e^ n "o ^1^^^ Problen. (Lend 

iSDort BharH f„..„^ "ass trarislt 



. handrail. This finding contrasrrwlth t^^^^^ - addition of a cer 

time Incfeased by f? percent Problem, yamad a (1975) found th^-t egress 

doors whlcfr opened .galnsrthffraffr'M'""'^""""^ thfough 
sufflcleritly low to ler^t t'he ^sV^^^^l^t^H^^^^ ^^"^^^^ 

"Kx^l:i.-fr?ife9?iter^;!^^ corid^iori. 

walking spee'd along pedestrian ^ays In bulldlnJi°"%f ?f 

indicates tt,at side railings alonrstairways tend '^^l^"-^" (1969) 

pedestrian flow. Moreover. Landon-Thomas( 1972) hJ^ ^''^ ^ negative effect on 
sllgl.rest obstruction in an egress way coul^^J f ^ the 
and Booth (1975) holds that mfnorrestrCtll ^ ' I" ^'^"^"^t, Meltnek 
little effect on flow rate iri cbrridors 

report that obstructions up to lloot (0-^1 ')1"f " '^"^P"'^^ ^'^"^ 095R) 
urider relatively high derisltv r^Aiti - . had rio effect bri Flow. *ven 
izatlori also re^ortld tha 't^e tnt |d°c"tIon of'°f J 'T^^' ^^'^^ -«an- 

flow by as much as 19 percerit (while ef't^Mo "f^^" "^"dralls coutd reduce 
some 33 percerit). Pro'tsions of the glrspect-.^a 

i*de specify allowable occaparit Ibads for 
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Interior spaced on Che basis of available exit width ieading from such spajces^/ 
tdf^N^''"^*'^^^^'^'^^^®^'^"^ ^"^-^ applicable appendix notes; see also Shat^ 
1978). Accordingly, to the extent thatobstructions to raeans of egtess indeed 
resj:rict exit flow and egress time / building designers and managers should ^ ♦ 
realize that obstructions may ultimately Infltience permissible occupant loading 
on building floors.- . ^ 

Sends or corners along corridors and iiSlia^. egress . path ways frequently result 

^^^^ctive width 6&egre§s ways. The London Transport 
Board U958)_repprt8_nQ queue formation at bends arid corners. Similarly^ 
Melinek and Booth (1975) found that berfds and corners along any giveri Stair way 
d^ld npt appear to reduce pedes trlari flow bri stairs. In contrast , Watanabe , 
Nayukl, and Torizaki (1973) report that wallcing speeds decreased when subjects 
passed through iorriers along an experimental walking coarse. 

When linear paths become narrower as one traverses their lerigth. movement ipeed 
maydecrease. For example, the London Trans^port Board (1958) found that while 
8mal^^«ductions in corridor width had virtually rib iffect on the capacity of 
egress ways, such architectural features did tencl to Increase the bverall tra-* 
vel time for individuals. This organization noted that flow (t.e. capacity) 
reductions as high as 10 percent reqair channel width reduction^ on the order 
of 3 J percent. . 

A number of additibrial Code ppvli ions and behavioral assuraptibris deal with ~ 
potentiat tmpedimerits to pedestrian movement whlcfT may be caused by revolvirig 
doors and turnstiles. R^se&rch reported by NBS (1935) examined the viability 
of revolving doors^ as components of building egress systems. Pedestrian move- 
,ment through revolving doors in a department store and in a Federal office 
building was^evaluated.^ The investigators found tha.t for a revolving door with 
ieafs 42 inches (1.07 m) wide, an average of 11 to 12 petsons discharged per 
minute per foot of width (apMximately 0.63 rers/se^/tn). . 75valuating another 
doorway in which the revolving leafs were collapsed to fbilm twb separate and 
adjacent openings each 25 Irichei (0.63 m)^wide, an average of 22 persons dis- 
charged per minute per foor of width (1.20 pers/sec/m) . These flow rates are 
considerably lower than those fo;" swinging doors. In additibri, the mechanical 
operation of revolving doors may ribt be ;;^ure- (see NBS, 1935, Appendix A, 
^ote 60) apd problems associated with their use may be exacerbated under very 
high density conditions. On the basis of these findings, NBS (1935) recbramerids 
that revolving doors^not be use^d as mearis bf egress in places of assembly 
and certain other ocfcupancles. For ra^t other occuparicies, NBS (1935) recom- 
mends that reyblvirig dbbrs receive SO^ercent of computed exit credit. All 
editions of the Co^ published since 1935 have based prbvlslons for revolving 
doors bri NBS' recommendations. ^ »^ 

Pedestrian flow through tarnstijes was examined by Pruin (1971). Fruln noted 
Chat free-swinging turnstiles retire a headway , of betweeri 1.0 arid 1.5 ieconds. 
and^accoramodate from 40 to 60 persbns per minute (0.67 to 1.0 pers/sec). Where 
ticket collectors were posted, tarnstiles wete fburid tb^ require a headway ^f 
from 1.7 to 2.4 seconds, and to permit between 25 and 35 persons to pass pir 
minute (0.42 and 0.58 pers/sec). Turnstiles requiring pedestrians to deposit 
coins in a single slot device -were found to require frbm 1.2 to 2.4 seconds of 
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^^l.^'^'^^ U^*^^''^^'^ '° peSons per minute (0.42 to 0.83 

where pedefltrlahs had tb deposit coins tn a dual slot 

"ere found tot^Llr "^i" 1-' "° ';^ sepnds ^.s hbted, 4nd the^e turnsttL. 

/ere found to Vpertlt only between 15 and 25 persons per nliiute (0.25 and 0.42 
pers/sec) to pass throagh; These statistics appeal to he constsCerit ^ith 

although slightly higher than) those reportedly NBS fS Mow t^ro^gh revolv- 
ing doors, and to Justify the Similar treatment of revolving daors and > turn- 
stiles by provision of the Cote; b » -na turn 



Behavioral assumptions presented in Section 7.2.2 underlie Code proviiioni 
nrcede."f.t fv"" "P-i^y of =:e^n. bf egress. These ass^io„° address: 
d\ P^^^^^^i^" fl°*^^«tes per unit width on level surfaces, stairs, and ramps 
(2) the value of fractions of standard width uni^. and (3) the lirieSrltv of 
pede^tri.. movement within means oT egr.ss. Seve^il studies reporriL;^,°', 
statistics, the most pertinent of Thich are reviewed below. Thl reader should 
crlticaH^^^ ^1:^1^ Jaref d°fi„°f i" ^-..^^eirdPi^itio;^'' 
time" as well as" ••'person'rper^^i\^"ime p^^^'^^;*, ^^^^^^^ 

no^ always possible: to draw direct comp/risonf L^ween ata'relStefby'd f r- 
llcaterbvlhe'k t^^'?"'°"' cpmparisons among investigations haJe t'en co^V 
ii?ated^by the fact, that extremely few researchers sought to Verify a^tandarr 

Ssporf BoaJf 'Tr°"^'^ ^'^-'l^- while the S^\"n"^' 

transport Board reported a relationship between walklh>; speed arid oedeatrlan 
Sftned ^"-j;: "-i^J-^d^he relationship between walking s^ef.na Li^^ 

wire conce^'ned wt^'h tTT'fi ' '^"^ while bhese investigators 

^^it. ^ with the influence of pedestrian density (hbwiver defined) on 
igMM^peed^ others sought to describe the relationship between deLlJy and 
^low rate^ As a result, analysts should exercise caution when drawing infer- 
^^r^^l'^T'' "'^^''^''' ''''^ CO questions concerning the validitP ot 
SteL^dent^C^lrovisi^^^^^^ '''''' capacity o. means of egress, o^r their 

Dafe^aescrlbing the movemen: of pe.lestrlans through lineal corridors wpf,. 
reported by NBS re.e.rchers fl935), who measured, flo^ ra^;s I "Sicrarlly 
selected locations during periods of normal building occupancy Theal lnL„>. 
andT ^^ ^'l ^"^^^ conditions, flov. rate varleTacross o^cuLncles 

and in g^eral. found a negative relationship between flow rate and^h^nnll 
Width. Togawa (1955)- also observed variations in llow raL "r/funcJiorif 
di^L'e;^es!°'^'^°'°'^'''"^ '''' ''''' also reported sex °' • 

of Ho^fr/^" W% f " traversed level surfaces at an average velocity 

of 3:90 ft sec ■ ? n se" "^^^^ ^y^^^^ walked at .n average velocity 

0.90 pers/ftr(10"JL™Vr2)rV " "^'^ approximately 

The tonddri Transport Board tl958) fonni ^>i^»^ fi^.-, ^^i- j -i". 

m 
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oJl^u^l^kS'n? 3.05 passages _whenco«p...a .lth lon.er 



percenfL^erlh! 'en"'' "^^"^ ^"^^^^ Transport Bo.ra averaged so^2i* 

virllclon rrfre'-fl^r^.lfcn^^ ( 1971)'.bser"ld 

PrfHi^.i J t '^'^^^^•^°*' *'a-'-^ing speed between inale and female DedestrtanR 

pers;^^ coraparpfi with 2 O fr2/f>wi-«i ^'n 10 ^/ < jj'--^^^^^ / pers VJ,Z/ m^/ 



^ pers 



at/ift-fl TK^ ^4 u l^^^ races trora 165 separate observations of 

stafrs. The discharge rate of stairways was found to vary sag&what across 



<5 Equivalent to 0.13 pe^s/ft2 (1.45 pers/mZ) . 

7 Equivalent to 0.20 pers/ft2 (2.22 pers/m2) . 

8 Equivalent to 0.50 pers ft2 (5.55 pers/m2). 

r -- 

^^Eqalvalent to 0.03 pers/ft2 (0.28 pers/B2). 
10 Equivalent to 0.33 persm2 (3. 70 per8/m2) . 
Equivalent to 0.09 per8/ft2 (1 pers/m2). 
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^^/''^^^J^^^^^J^^^^ occupancy. NBS reported 'ChaC flow dbw^ Sairi aver- 
aged approximately. 57 per8/fflln/?2 inch width uKlt (1.70 pers/se^m) M 

wlltfJi'f^ ^" '^^^^^^^ field observatlens that stair 

Width alone was not an effective orpSt?-rrti- - - -- *" ^"^^^^ 

Togava belleyes that the most use^i^p^^ea^c tor 

w«lRl.g pa^e. and that for stalr^rth^-cruSc^llllenlirfls' rLI'g^^ 
^olt'rcasf a^lt°'''r^' that travel tto. .talrs Is ifiJersely proJo^l.H.l 
1 64 ft/^^rrn"f /^"^^"°''^ ^"'^ '^^"^ downward talking spi^d averages 

k U A - ^/secy. Finally. Togawa suggested tt>at travg* tlSe elthfr 

up or down stairs, could be estimated by applying thi?forn.ula ' 



where t - travel time ta Becbnds 
H - story height in meters. 



, ^ (3) 



Ss!rtUfbf NBrfl93"r"'' ""^r^ substantially e^iUL.lent to tho^e 

orstaie'dteferlro™ London Transport Board: 0958) concerning the capacity 

mmmmmsmmw 

or Tog.„„ „eU .. tlBBe MSuBsa wlthlo tfiS Cide; "P"«ed by eltj-.r, MBS 
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^^^^ "^^^^^^^^^y 9^ A^^^.P^^ P^^s/sec/ra) are represerital* Ive of' 

crowded, conditions under, which qaeaing occurs at stair enCrances. 

similarly, Mellnek and Bo^tti (1^5) 8uggei|t that fib rates averaging 
pers/min/wldth unit (1 • i pers/sec/m) reptesent the normal capacity of stairs. 
?"_^^^^ti6ri, these investigators note that as crbvd density Increases^ flow 
'rate on- stairs also tncreases until it 'reaches certain level. At that pblriti 
flow decreases again. Melinek and Booth also fptntd that bends and corners 
along stair ways dtci not measurably reduc^ flow^tate. 

Accc?tding to Yamada (i975>, people travel up stairs more rapidly Chan they 
^ ????f^-_^^wri, where stairS^ar^ more thajd three stories high, Yamada also 
notes that people aged 50 ana ov^r often require as raucli as 50 percent more 
time than do younger pedestrians to descend 14 flights. ^ 

^ ' f... _ ______ ______:_■ . _ _ ______ 

Pauls (1974, 1977, 1979, 1980) challenges 'the^as^Umption promulgated by NBS . 
tl935) and the Cpde regarding the design _flo*r;Tate of 45 pers/min/onit wl^th 
^ ^ • P®?^^^^9^™^ i 9*^^®_^?^^f ^s^rvatibns bf fbrty evacuatibn drills 

in high rise office buildings, Pauls argues that this assuraptior. inay overesti- 
?^?^* ®ctuarvflbw rates by mbre than 50 percent^ particulariy during winter 
months In cold* climates where escaping bccupap^ an> likely tb wear bulky 
I clothing. Under many conditions, Pauls found that speed of descent on stairs 
/ ^^D^*^ ?^?.^^ I^^nsiderably /ftbre v^ than is assumed (Indirectly) by users of 

tradltionalLy-proraalgated design f low values. Pauls suggests that a **cbraf brt-v^ - 
able" range for evacuation movement of between four and six stories per mift^te 
.requires deri-jities within the range of 0.1 and 0.2 pers/ft^ (i.ii and 2.22 
pors/ra^). He also found that such movement becomes virtually imjjbsslhlo when 
ueh^ity reaches 0.45 pers/ft^ (5.00 pers/m^) . Pauls_has stated that flowxatesf 

J^^^"_3p_pers/mlri/w^ (Q.9 pers/sec/^l)•!^e usually _pnly_ achieved 

under ideal conditions, where bu±ldlng';occupants have been specifically 
Instructed about evacuatibn prbceduresi;:^ where they _are motivated to act effec- - 
tlvely, and where they are familiar with regliaehted mpveraerit. 

?§y^8^9""*^^vacuatlbh time in "total evacuatiph_driils- (those in which all 
occupants are alerted at once are ptesuraed in Inftlate evacuatibn slmul- 
tanebusly) tb depend upon total building population and available stair width. 

?^^"P^^» ? ?^"_?toi^y ^'ith 100 bccuparits per Width unit could 

typically be evacusted" in less than five minutes, (plui^ br minus 20 percent). 
In cbritra8t,|a 30 story' building with 1 ,060 -occupants per width unit has been 

evacuate. .Pauls notes that although 
most evacuees participating in the observed drills had obtained prior drill 
training, they were typically unaware 'that th^ evacuation was in fact only a 
drill. - , 

On the basis of his most recent analyses bf crowd movement on ^t.iirsi Pauls 
(1980) has presented the concept of "effective fetalr width," suggesting that 
pedestrtaris typically maintain themselves' at a distance of approximately six 
Inches (150 tm) from the sl^|8 bf_ stair wells. Apparently, this spacing 
results from individuals' body sway, fe^r of baiplng Into stae' walls, arid 
"^^^^^^;^^^D_9f _^'*^'^^^^?-s« Cbhseque Pauls suggests, a typical, two-unll 

stair 44 Inches (1.10 m) wide may only have an effective wiAtM by 32 Inches 

' .105 



f 2?'nL«/«?*'?°'^'*"^^^^-'*'^ »aeh « acalr woul.^ permit a load of ,20 (60 

"..j/. Pers/fflln; according to Pauls' calculation, howsver. the sami atalr ^i^h ' ^ i= 

under certain conditions carry only 38 periVsin. s^"'^ "air mlRht, 

ReaaMlnii ftow rates ol NBS (1935) suSaarize* findings reported earlier 

esssntlaUy equivalent to that on level earfaees. NBS researchers also noted 

to their own observations o^ ramps tn New York City's Gr^nd 
(G 72 mS/oe^fli "'''^f ^^i«"/-«t<^? ^« ^^PS avenged approxlmatetv 8 f t'/J.rs 
(0.72 m^/pers)l^, and peakej at approximately 6.2 ft2/per8 (0.56 m2/per8)l5 



^n^"^ sp..d was not found to vary slgnlficLtly with slope Moreover 

n f t^«^. h^^^ i^i^ «/sec) for ascent on a 12 percent ramp, to • 
Jhf^^^ on a 2 percent ramp, an c..n.pared with 3.5- . . 

through «.5 ft/sec (1.07 Chrougfh 1.37 m/sec) on level surfaces. ""''^•5 v. 

5fect*^on^'^lf'° ^ p..r«ent. ramp gradi has little 

eTfect on walking speed. Other researchers have suggested that grades as smSll 

Srso^"rwllUef " Tv^'^'^i^f ^^^'^ * "^-^^^''^'^Srimenf i"w^Ich"l tS 
a979r indicated th!r f^^"^"''%'''^^'^'""^' reviewed by Turner and Collins 

^"f^f^^^<^ ^^^^ an Increase of grade from 5 to 10 pec-.^.tc decreased 
^'^^'^^^^f^ ^y^PP-o^^^ely 11.5 peteent. Inc^ea'sing ramrgrade to 

(1975) "eoo^^ed'thlt for '"^ Tl ^ °' ^5 percent. Mefinek'.S Booth 

. • - ! . upward-sloping rainps , w*lking speed decreases by 2 

W^lkln^ per degree Of grade. They also noied that fof dbwnward-iloptSg ra,|.s 
walking speed Increases for small grades, but decreases for larger sl"h.r la 

Ipp^oximaterf f '"^^^ associated with gradient o^ " ' , 

apBToximately 7 percent.— ^ 

• 

Tregenza (1976) agrees with other research«rH abtlng that at slopes of 5 
d^t^."«lr ''"^^'""^^ no effect on walking speS! Citing 

^ryen^ftndlLSd'th.^'^o^'^'"' ^^^^^ United' Kingdom. ho^"f... 

^IIIa K *""=^^e'' J^^at a 10 percent -ramp gradient could reduce upward walking 

cpndltions. especially^,her^ ' 
^th downward travel Persons a.e concerned. . similar effect can occur 



In somraalry^j^nsiderdble dita describing pedestrian fl 
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Equivalent to 0.13 per87ft2 (1.39 per8/m2). 
13 Equivalent to 0.16 pers/ft2 (1.78 per8/n2); 

if 
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facilities) i observations an^r a wide variety of ctfcumstances do permit 
certain conclu8loris,_ In partlcuia^^^ ca^rently available iri the technical 

support; the assumption that ramps, within certain tlmlts. permit 

" *t"^^ °" l^^^l surfaces. In addition 

available data support the as8umptlon|thSt walking speed on ramps Is" faster than 
H^lw^V Mw"' "°''^r-' ^^^lls^l^akta do ^ot support the assL,ptton that 
downward walking speed on ramps Is always faster than upward walking speed. 

fllf^'^^l:;^ '^^^^^^^^ ^^^ way capacity, the Code .peciftes 

that although the_ fundamental un^ ol exit width Is 22 lnches~(0756 m) for the 
purpose of estabil^trig occupanC^o^ llilts. the mlnlmam ^Mth requited foJ 
.any egress^way element is -28 Inches (8.71 m) . Several references to the avail- 
able^ technical literature support this feature of the Vrrr example 
thaf^v^ ^H"' considerable conceT^ver th. posslh Uty 
mos^ , ^t^- «ll«htfist obstruction to movement In means of egress Say have the 
"rLS ?J ir'f'f "'f'^. >^ a results, he has recommended a mlnl.u. width o? 
Ftrf P^^^.% ^ for individual egress channels Similarly, the 
aduU ^^yt^ Tf^^ cites Fruln-s (197U findings that while 
^H^f M ^ 1 ^yPf "lly than 20.7 Inches (0.53 n) across the shoulders. 
clothlrt^V f^'^^K^! """^ made for clothing (especially heavy winter 
^lilns^" K^^v°'' ""''^/r^y- Fruln has saggested that the average adult "l.o.ly 

cbftaldirs y"^'" M ^^ J^'^f • °' "^^ Fire Proteetl^nJa^d^ook further 

considers the question of slde-to-slde body swa y, e stimating sway on eac h side 
tp ^-^^^^tely 1.5 inches (0.04 m) under fr.. fl.^ conditions , and as iuch 
as ^ inchei (0.10 m)o,i each side under more crowded conditions, particularly 

2 P^:. •'^^^^ °^ sach estimates, the Handbook recommends that epress 
channel width be no less than 30 Inches (0.76 ra)l 

Plnally. Code provisions governing the capacity bt me^ns of egress' appear to be 
founded on certain assumptions concerning the linearity of pedestrlah movement! 

(l«nri^HV^""^° °^ P^^^ movement reviewed by NBS 

« '° eonclud. that, on l^he average, people moving 

through_corrldors or stair ways can be assumed to travel t„ iinear files. 22 
mlllrl.i " ^^""'^""g " NBS, the origin of this assumption lies in 

tiJfc fl/^''^^*??": By extentlon. this line of reasoning leadi to the notion 
^.l J ^ ^ -'^ -») "tde Channel adequately supports movement by two linear 
|lle8 of pedestrians . The Fire : Protection Jland^bbte (mPA , 1976) . cltlnK more 
teve accepts the assumption tAat people ^n5 to ' 

W^^o t!? ^^r"" "le?^ This notion Is further supported 

by Soviet research on emergency egress summartzed by Rbytmann (1969^.' 

tondon Transport Board U958) researchers report that they could not detect 
this lane . effect for fbbtways more than 48 Inches (1.22 m) wide However 
these Investigators noted that for Narrower stair ways and corridors flow rate 
rtliT^ t T ^""^ bf unit vtrtth. The London ' 

Transport Board also suggests that widths falling between' unit multiples have 

nL'e" f ■ "'''^ ''""^'^ fractions under th. 

lane model. For example, when a center handrail was introduced In a stairway ■ 
previously capable of pennicting three files . abreast . the lane mbdel su^gSstr 
a reduction In the stair's capacity by bne third (since, presumably. theraU 
eliminates one aisle). ffowever. actual flow on the stair was reduced by a 
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umaii amount, suggesting pedestrians walked tn staggered i rathfir than purely 
linear, flics. In discussing the rationale for. peiiltting credit only for 
additional exit width increments of J2 inches (6.31 m) , Appendix notes to the 
Cod e also support the hbtlbh that flow may be meaningfully increased by provtd- 
^^^ ''yf ^*:?1^9?_?P??^_f ???S^^F^^Jf^V^8- G^l^r-^^th (1968) Interpreted the 
Londor Transport Board's data^ discussed above, to suggest ChaC staggered 
(rather than p^e'.y file-like) moyemeht is most common ^ particularly when tall 
buildings are bei ig evs^uaCed. The Institute of Traffic Engineers ,( 1964) 
report finding no studied which actually verify the 22 inch (6.56 m) larie 
^?f^^?»__^°^^9S_further that lah of this dlroehslbh may be too narrow to permit 
free flow pedestrian movement on stairs. 

9^?llerige to the unit^i^iSlt^ cbi^ept * particularly as 
this concerns the granting. of credit for fractions of units, derives from the 
work of Pauls (1974* 1977| 19803. In his study of some 40 evacuation drills in 

did hot rab^e down stairs 
in a highly regf.mented fashion, either shoulder-to-shoulder or even in stag- 
i^^^^.^^les. Rather, pedestriahj^ bbserVed by Pauls appeared to make every 
effort to maintain a body buffer zone (similar to the body ellipse cbncept 
discussed by Fruin), even in cases where density was fairly high. Pauls sug- 

^b^i. |P^c^?8 beliavlbr is Influenced by suchfactors as type and 
weight of clothing worn, occupants* cultural background pedestrians' sex^ arid 
their sbcial relationship with nearby persons. Farther, Pauls argues that 
shoulder-to-ahoulder raoyement stairways riarrbwer than 4.0 feef 

(1.22 ra). Where it does occur, according to Pauls, it primarily involves 
pedestrians trylrig tb talk to one another. 

Pauls alsb found that. side-to-side body sway, and pedestrians' varying need for 
b??^?4?:?r ®^PP'^?'^f J^n^l^i^ces raoyemerit behavior on stairs. On the basis of hia 
research, Pauls (1980) recooaiends a minimum width of 55 inches (1.40 m) fbr 
stairs ribrmally subject tb heavy use. This dimension takes body sway into 
account, permits movement twb-abreast, arid allows cbriverilerit passing on the 
stair. 

As indi cated above, Pauls (1980) has paid particular . atteiitlbri to the problem 
of granting credit for fractions of egress width units; He has argued that 
J'-^^?'8 terid tb be prbpbrtlbrial to stftir widths eid that the 
relation between width and flow is essentially linear. Thus, since each *addi- 
tibrial irich of exit width has the potential of increasing flow rate, each such 

credit urider prbvislbris of the Code ^ At present , 
the reader will recall^ one-half credit is given for extra width from 12 tb 21 
inches (0.31 tb 0.53 m) ; rib credit is given for extra width from 1 to 11 inches 
(0.03 to 0.28 m). According to Pauls (1980), this step-llke ^function has no 
basis in available emptrtcal data, while the lltiea^ "effective width" jiodel^ bri 
the other Uarid, cari be lust if led both by Pauls', own data and by thoseicsported 
much earlier by NBS (1935). ^ 

Strerigth s^a^jwe^kriesses bf the technical literature . A number of behavioral 
assumptions underlying Cods provisions which cbricerh the pbteritial effect of 
architectural barriers consider the influence of doorways and intermediate 
mullions bri egress flbw rate. Mbst of the available data on flow through door 

10^ 



il3 



ways (NBS, 1935; Togawai J955i Fruin^ 1971; Meli(^^and Bpochi 1975) are based 
on field observacloris made under cohditlbhs of hdnnal biilldlng occupancy. A 
* number of difftcutttes arise, however. When these data are applied in analyses 
of emergency egress situations. First the process. by which occupants form 
queues at dbcrways may itself be substantially influenced by cir^/rfmstarices 
brought abouu by actual fire conditions* While queuing regularly takes place 
iihder normal bccuparicy conditions. It has been fountf to becpme somewhat dis- 
orderly during some fires (as reported afteir^the Berverly Hills Siipper Club 
f ire) i yet remain, orderly during others (as reported after the Stouffer Inn 
fire). Clearly, however, the asb^ door width and design alone 

influence door flow characteristics seems misguided, and while door ways may 
be examined under nonemergency conditions^ results of such tests may not be 
predictive of emergency performance. 

~ ~ " " • ~ " " " " ~ ~ _ 

Secbiid, while the code-writ tempted to draw causal inferences about 

the rple of exit design ±n achieving desired flow rates, available data derive 
from studies lacking experimental controls which p.errait such Inferences; at 

^9®^ >_ ^?^^'^^_^?_?^_*'?P9*'?_??^'1??_??^_^° available data 

do not now permit the code-writer or analyst to estimate the probability with 
which a given exit width, or dbpr design wlll.be adequate under hypothetical 
emergency cd^dit ions. Thus, although a considerable amount of data are avail- 
able describing the flow capacity of door ways^ the technical basis for design- 
ing dcbr ways to accommbdate bverall emergency requirements remains weak. On 
che other hand , a good deal of research is g^w available describing siich spe- 
cific phenomena as arching at docJrways (Togawa, 1955; Peschl , 1971; and others). 

Although the effects of arching on eg^ress time remain to be quantified, Inves- 
rljtatbrs* beliefs that dpor ways within a certain width range often result in 
tlnie-cbnsumihg queues arid arches db appear tb^ be siippbrtcd. 

Available literature cbriperiilrig the potential effects of intermediate mullions> 
door hlngeSj s^^d other similar projections into dbor ways bn door flbw rates is 
ineafficient to support or refute Code provisions and their underlying behav- 
ibral assumptions. This is also true for dbbrs whicH ppeK agains.t traffic^ and 

for mid-stream exit ch^nel width reductions. ^search by Mellnek and Booth 

(1975) and the Londbn Transport Board (19583 provide the strongest indications : 
that minor architectural bbsLructibhs have little or no e-ffect on egress f^bw. 
However, data reported by" these investigators ^ere not collected under either- 
real or simulated emergency conditions. Here again^ It is not poissible to 
assess whether emergency conditions exert additional forces bn escaping bccu- 
pants, sufficient to alter tiie effects of otherwise minor obstructions to flow. 

Code provisions pertaining to revolving doors and turnstiles are based largely 
on recommendations by NBS (1935)^ Fruln is the only other investigator to have 
empirically addressed these elements. There presently exist no empirical 
grounds Qpoh which to challenge th^ pertinent Code provisions. » ' 

Available literature t^escrlbihg the capacities of stairs ^ ramps and level^^'' 
surfaces, while somewhat voluminous, has not developed in a cumulative manner. 
To data^ investigators have rarely attempted analytical comparisons among* their 
findings, data cbllectibn stratej^ies and objectives frequently differ In subtle 
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yays, and variables frequently have beeii defined Inconsistently across 
Iny^stlgatlons, For example, Togawa and other InvestlRatbrs studied pedestrian 
. walking speed In relation to density , defined as the nuffib^r of , persons per Uiilt 
' X"^"*"' °" the other hand, studied speed and flow in relation to area ; 

which he defines ai available area per person, the reciprocal of HensltyT^ 
Another shortcoming of this literature concerns amblgattles .lapbsed by data 
collection techniques. For example, studies of ptdest^lan walking speed asaally 
Involve timing pedestrians as they pssB between two fixed points ilong i mea- 
sared tlnear path (e.g. a corridor). Although the length of the measured path 
remains constant for all pedestrians^ the actual lengths of pedestrians' move- 
ment paths dp noti alnce some pedestrians are more pronethaii others to deviate 
from -porely" linear walking patterns. ThuSi If two pedestrians walk the mea- 
sured path In fhe Identical period of time, the recorded apeed of one will be 
equal to that of the other j even though their actual walking paths— and thereby 
their actual walking speeds—differ. Such iiblgulties Sake it difficult for 
the code-writer or analyst to Infer trends or draw definitive conclusions from 
pabllahed studies. 

The work of Pauls U974, 1977)'departs somewhat from that of other researchers, 
parttcalarly in that he specifically Investigated fire exit drills In public 
occupancy buildings. According to Pauls, moreover, miny occupanti participating 
in these drills actually believed real emergencies to be In progress. In addl- .. 
tlon to data coacernlHg the time required to evacuate balidtngs differing- in : 
height and under a variety of egress scenarios (e.g. evacuation en-masse, ver- 
sus staged" evacuation) i Pauls also collected numerous data on film, video 
tape.^and sound tape which describe a large number of behavior patterns occur- 
Ing along egress routes. Flows reported by Pauls are In most cases lower than 
those pu^^l8hed by other investigators. According to Pauls, flow rates 
reported elsewhere are artificially high, perhaps due to the artificiality of 
the situations studied. These differences between Pauls' dati and those reported 
by. other researchers remain to be verified and explained empirically. 

Pauls' findings are often difficult to compare directly with thbSe reported by 
other Investigators, primarily because Pauls usuatiy reports walking speeds 
and flows down stair ways In terms of stories per unit tiie. This difference 
poses serious problems to the analyst wishing to employ Pauls' diti* particu- 
larly since story height may viry considerably between bulldliig types. Pauls' 

ccJ' ""ordlngiy, appear most directly useable when applied to high-rise 
office -bt.llding8. More generally^ ;6wever, Che fact that Pauls' flow dita 
unde: drlM conditions (which In .some ways simulate emergencvt svents) appear 
substantially lower than those collected in transportation facilities and 
elsewhere (under decidedly nonemergency conditions^ gives cause to reevaluate 
the present basis for Computing building occupant loading for the sizing means 
of egress. Given the. significance of Pauls' findings to goals of the Code, a 
number of his studies warrant replication, parttcalarly true where tKe^cbde- "» 

is^interested In making generalizations from Pauls' data describing 
office buildings to other occupancy categories. 



Re^earch^on pedpstrtan movement down ramps involves methods and techntqaes 
substantially similar to those employed m stair use research. Although 
conclusions regarding pedestrian flow on ramps are analogous to those reported 
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l^^cbrihectlbri with stairs, numerous studies^ including those reported hy NBS 
A^^^^^^.J'^^B^^^^^^^^ P?^??^^^^".^^^^^^^ patterns have npre in common with move- 
ment on level surfaces than with movement on stairs; At present, most Investl- 
8*^^^^ of ramp use report similar -findings concerning differences between pede- 
^J^J^^^" P^^^^^^"?^ .^^sceht, although the precise , relationship 

between ramp slope and walking speed remains cloaded by' equivocal findings; 

Available data pertaining to aiasumptlbris about the linearity' of pedestrian 
iadveraent and the long-accepted "standard'" 22 inch (0.56 m) exit width uriij: are 
P^^^A^*??^^c»__As pblrred but by NBS_(i935Ji the Idea of studying pedestrian 
movement in terms of linear files of standard width stems frbra military experi- 
ence. j5ut to wha^t extent? is regimented military walking behavior generallze- 
°9y^"*^D^^f _ hulldihg occupants^ either under normal or emergency. 
ponditrionsf Despite* raet^pd«4§glcal shortcomings which at times render Pauls* 
and'Pruin's data difficult to Interpret and apply» their identification of 
®^9^\^^^???:y 9^?^F^^^^^_P*^*l^strlari behavibr patterns as side-to-side body sway 
«nd„personal space maintenance raise Important questions abbut the validity bf 
the current standard . On the other hand , available data also, suggest that 
^"^^^ ?^l?^^Y^?ry ^^Sh density cbhditibris, escaping occupants may be willing to- 
forfeit comforts associated with personal space raairiteriarice, arid giveri little 
freedbra bf choice within an egress channel » may effectively follow linear 
P*^^® f _^Dit ^w^ Thusj with rib replacement for the 22" 

unit clearly in view, the current standard should riot be abaridoried. 

Pauls has attributed Che Validity of his flridirigs cbricerriirig egress behavibr 
dbwn stairs^ to a great extent, to the fact that laany occupants of the btjkridlrigs 
**^-_^^y^i^^_^^lieved that the drills were actual emergencies* Howover, Pauls 
has made this sopposttion on Che basis of a relatively small sample bf drill 
participants i perhaps on the order of 10 percent. Moreover, these individuals 

"P? J^^?'^?^_^9_^^cape iri the preset bf fire prpductSi noV did they receiv*e 
such ambiguous signals as^dtstant shouts, etc., which might have affected escape 
behavibr (refer tb Chapter 3 pfthe present report). Indeed^ the problem of 
P^^4*^^^n2 ^9^?^^^*- J^y^i^g Jl^ills rera^ noted in Chapter 2, 

From a scientific perspective^ consequently, Pauls* Recommendations cbricerriing 
^**^_^^sigri bf exits tb facilitate emergency escape should, perhaps^ be viewed" 
^^^^ J^yP^^*^^^^^ of fact. Replicatibris bf Pauls* work^ 

bbth under more controlled conditions and under a wider range of dccuparicies 
arid einergericy sceriaribs^ are indicated. 

7-^ SUMMARY OF GAPS IN THE TECf?^ICAfc fclTERATURE 

7.4.1 Research on the influence of Architectural Barriers-arid Other Pbteritlal 
Obstructions to Egxess plow 



the majority* of studies available describe the Influerice bf architectural 
barriers and bther obstructions to egress flow focus on pedestrian movement 

Provisions bf the Cbde specify the design of door ways on 
the b-xsis of occupant loading criteria and available door width. _Orie pbirit -bri 
which there is llttl6 equivocation in the literature is the finding that, under 
'^^^^^^^^^^^.^^Sh bcc^pa^ queues form as individuals wait 

to pass through door ways. Jfewever, researchers have yet to study the quest ibris 
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of How queue. fbrmation snd processing Influence egress tlSe. and how door 
y.^'"'" ^P^^^^fications Say be adjusted to compensate for time potentlaily U|fc 
In queues. ' '^^t 

A closely delated gap in the technical literature concerns the predilection of 
most- researchers to study pedestrian behavior in relation to some one egress 
«««-firf- *^'^* "T"^ isolation. indeed, the task of exiting a building 
stairs'^ involves passini through nUerous door ways, as well as corridors. 



?ori^^^"^ H ^ ^' °f »hich arejrore or liss interrelated. When a queue 

li affi.>=Hf°°!K*'*''' ^°f^'^-»Pl«. It i» not merely WoS through this door tl 
« "ff^"^?' '♦'^==P«^i?y of t»^e Pr^<*di^ or corridor is being taxe. 

^^r»!i i""^ research must addreW the interdependencies between adjacNsi 

egress way elemfents. and jirovide guidelines for the desigS of effective 
transitions between elenents. ^^i^ieccive 

7.4.2 Research on the Flow Cspicity of Egress Channels 

Flow rate has been thi iost universatty accepted measure of the ^rformance of 
means of egress, considerable work remains, however, to develop^ sta^Jard " 



^tca^^^ T^ ^ '''^'•'^^ « standard, it wlli cbntlnur . be 

"?ag?ee P|^*=5»-^y-hy data from various investigations often 

iHt^^s^^ pf^^' ^«^in each found different v4riSbles to 

iffM walking speed; . Togawa foSW-no such interaction 

tfS of \ H ^^^^^^ ^^"^ ^ Advocated an incorpora- 

tion of body sway^^nd personal spice maintenance behavior Into computation^ of 
U L T there remain neither standard measures nor verif ied'^modeirof 

these phenomena. - i^i. 



7.5 SWflttRY 



LC^r«^rh ? r*°"^ assumptions underlying Code provisions which 

evst^£t.5 k"''^^ °^ °^ presente—These assumptions were 

eval<.ated by reference to seviral models of pedestrian movement, data from 1 a 6- 

tlonr^.nf "'^^'""^ behavior during normal occupant; Si- 

oFM^' ^"f, observations of stair use daring firfe exit drills in fiigh-rlse 
office buildings. With regard to Code provisions affecting the delien of 
thrdeleteii?'' ^^"'^ ItteratUre-SUpport^only those afsumptlon%^o«cerning 
S^^^v^r K ^ f - f^*"'" of particularly severe constrictions or obstructions. 
?«^^yX • r underlying provisions governing the deliJ^ of 

T^P^V-^ fittd ^ihaltenge within the technical literatu-e. IhS is 

especially true Of provisions depending on the validity of assumptions iSout 
the lln|arlty of pedestrian movement a-.d the 22 inch (0.56 m) unft Wldth^tSn- 
dard. Because there remain differences In reported dita describing pedes t^lin 
^JSr inconsistent deflnitldns bf^mporUnt 

S i r* nonstandardlzed techniques for Measuring the performanJe bf 

means of egress, it is not now possible to either support or refuS existing 
Svall^birtecS J''?',?"'"''^'"^ behavioral assumptions on the baS o? the ' 
rJ«»l^^^ "^^ »°^t ISportant objectives for future 

research on the subject of the capacity of means of eeress afp • 7 n rh^L * 

^^^^^^^'^ ^'^^'^ ^y'^^^ -^^-'^'^ transition J 
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8. SUMMARY im INCLUSIONS 



the primary objective^ of the Inveitigatibn has be^h to\a8«^8 available feSearcH 
pertaining to th^ exit facility design and emergendyes^^ the. 

^t^e Safe ty C ode (1976 Edition) i in-^rd^r. to dStetSlnf the technical sup- 
port for such provisions. The central foci of the Ihvestlsat ^ ' 
based capabilities of building occupants ^to effect rapid^acuatidhs , ih rela- 
tion to evacustiontiiae available during ^f ires. A number of ffancttonal criteria 
Ce.g, maximum travel distance ,> building Cdnf igUratioft, remote^^ 5f ex4xs. and^' 
barrlers to egress flow) are examined in relation to Code prdvi^ibns itlfluehcihg S 
the design of means of egressi and fire ^ p^ aHTTFotectlve signaling syS- . 
terns for places of as^sembly. residential occupancies, mercantile bccupanciee. 
and business occupancies. Provisions affecting fire exit drill and building V 
management practices are also considered. 

. :_ _ - • . _ _■ _ _ 7 • ^ - • .... ■ , ,- 

To effectively treat this broad probleoi^ the current report organizes Code 
provisions and related technical dUcussibhs Ii;. relstion^ to areas of p'^t^ilul * 
impact: provisions affecting pre-emergency training and pregaratlbii (Chapt<^^ 
2), occapants* perception of the emergency environment and recognition ^ 
egress facilities (Chapter 3), egress strategy formation (Chapter A), disci- 
plined egress behavior and crowd movement (Chapter 5)^ occupants' capabilities 
to safely and rapidly negotiate egress Ways (Chapter 6), and the oapacity of 
mp|n8 of egress (Chapter 7). ^ 

\>|i*hin each chapter^ proyisib of the Code which have a common area of 
potential impactf and human behavioral a|8umptioh8Uhderly^^ provisions 
are presented. The technical literature bearing on these proyisiohs and 
assamptlons is reviewed, including references to. applicable theories and models 
pertinent empirical data from publlshed^xperlments and field studies, and 
where appropriate, jburriallsUc^ o anecdotal accounts of actual fire events. 
The validity and generalizabllity of fihdihp^^p in the literature are 

diacuttSedj. and the i^gree of technical support currently available for egresa 
provisions. Sf the ^fede is evaluated. Pinally, each chapter provides a summary 

garis in the technical literature, irecommehdlhg specific areas requiring 
additlbnal rescach. The remalnde- of Chapter 8 summarizes prbvisions \ 

behavtbral assumptioris, technical xlteratUre, and recommendations presented in 
each ofXthe substantive chapters of the report* ^ 

B.i SELEtfriON CODE PRbVlSIONS ^ . 

€ode provisions addressing occupants "readiness" for fire emergency situations 
were selected for analysis, emphasizing provisions for the conduct of fire exit 
drills which appear in Chapter 17 (Operating Features) of the Life Safet y^ Code. 
Provisions selected for study are presented ^i 2.1 of the report. — A — 

number of provisions are noted which potentially Inf luenceoccupants * perbep- 
tions of the emergency environment and their recognition of egress facilities, 
pe principal- sources of thes3 provisions were Chapters 5 (Means of Egress) and 
6 (Features and Fire Protection) of the Code , Provisions selected for analysis 
are enumerated In Section 3.1 of the present study. Once occupants have deter- 
mined that a fire emergency Is in progress^ they must decide on a specific 
course of action. When a decision in made to evacuate, ah egress st|atygy must ^ 
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.re drawn primarily frpp ciapter^S (M^S E^S J ^^^''^^e 

eented In Section 4.1 of the current rPDor^ ''f and are pre- 
gency escape during fires ±n 0^811^0^^ ^ P^^"^"" ^^oclated with eser- 
by t6fe fact that^cuSts arr^^Lrr^r"*'^ complicated 
widely with regard"ra"n:.b: S cL"ac er^s Ic^'^Helcl" which may vary ,ulte 
Boclal Interactions during fires aarht i J . f * " ' ^lontroi of 
ment. and to som. e.te?t1la"nlng"a^d1e:igrL"^eu'"f nSblr'i'"^ "^"t^^" 
dravm prl;aarlly from Chapter* 5 (Means of Egress Hid 17 rm^^Ir? "1°*"^°"!' 
are noted which potintlally influence soc Jf bJSavlor tn ^,°P"*""« 
menti and are shown In Section 5 1 of ^^"t^ ^^^*^^^"^ *"^ the emergency environ- 

« mlnlmiz. human physiolo|L^;i°imged\me^t1%olL''saf e%°nd1 

ways were selected prlncloailv froa rhiiH^ e f „ «nd rapid use of egress 
These are presented'ln Section ol^L reporf "li°llf^"'K^ ' 

. .re evacuatea. are l^^^S^l^^ ^fT^ "^m^^ 

SnSf^lil tL'J^iifariffect'lllodr^"* assumptions 
during- ftre e«er|enc±"s That if f^'^P^^^^'^^ ^'^ape performance 

recosnltloo, ihd («! the ibilfS si jm^k, a .»»??n"tlon l. egte,, route 

iutj ».ix^i^s^14^«y'aVf?^."tKStr'•;•f^f !f s^^^^^ 

U4 



Chapter 4 censtders Code provlBlons which may Ihfiuehce the ways building 
occupants formulate emergency escape strategies during fires. Undetlylhg^ 
behavioral asftumptioris concern: (1) occupants* capacities to process informa- 
tion about the location and function of means of egress- and (2) occupant*s 
abilities to determine the safest and most accessible escape route under 
ettessfal and life-threatehihg cbhditibns. See Section A,2. 

Code provifliohs considered in Chapter 5 of the carreitt report potentially 
^ffect disciplined emergency escape and crowd movement. Three categories of 
hu^an behavioral assumptions were found to underlie such provisibhs: (i) the 
inflaence of designated leader^ on escape time darjng fire emergencies, 
(?)• pedestrian nqvement W^ and (3) the 

effects of 1)uilding configuration and architectural barriers on efficient 
crowd movement. These assumptions are presented in Section 5.2. 

Chapter 6 deals with the physical capabilities of occupants to safely and 
\rapldly negotiate egress ways. Hiunah behavioral assumptions anderlylng Code 
provisions which potentially influence such capabilities cluster in thte^^T^e- 
gories^ (1) the extent to which accidents such as slips, missteps, or falls, 
which may occur whi}:e people negotiate pedestrian ways, impede flow along 
corridorsi stairs, and ramp a and through door ways, (2) the degree to which 
; stress and fatigue impair walking behavior and increase the time required for 
safe ^scapci and (3) the influence of door arid other hardware design upon occu- 
pants abilitie|. to rapidly operate elements comprising mearis of egress. Note 
assumptions in Section 5.2. 

Finally, £ode provisions treated within Chapter 7 concern the capacity of means 
of egress. Two categories of behavioral assumptions appear to underlie these 
provisions. These are: (l) the influence of architechtural barriers and other 
potential obstructions on egress fi:ow, and (2) the flow capacity of egress ways. 
Refer to Section 7. 2i ^ ■ j ; 

*M&NTARIES t 



Thorough reviews of the theoretical, empirical, arid journalistic literature 
applicable to ^od^ provisions and their underlying human behavioral assumptibris 
w^re^conducted. These reviews made it possiblfe to state, in technical terms, 
the fundamental h«ure of various facets of the cmergericy escape probleio, to 
explain behayioral>hBriomena known to occur during fire emergencies » arid to 
assess the state-of-£he-art of techriical data which eithe^ support or Refute 
the Code prbvisibriu under study. :»;.; 



8.3.1 Problem Statements 



,^de provisions affecting pre--emergericy training and preparation are intended 

"^tl^^flu '^^^"P^^^i^s at a Bufficieut state of emergency readiness, to reduce 
tneiiKell hood of maladaptive responses during actual fires, arid tb miriimize the 
titoe required by occupants tb either escape buildings o^ move to refuge areas. 

In general, t hese p royiaibris are based on the assumption that behavior patterns 
learned durin^^^^ning situaclons transfer to actual emergencies, and thereby 
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result in effective behavior during real fire events. Problems addressed withi,, 
Section 2.3.1 of the current reifort concern the validity of this supposition, as 
well as other queStldhs about the value of pre-emergency preparatlbh and 
training* 

Under certain conditions, the design and provision of emergency exiting 
facilities may directly affect occupants V perceptions of the emergency environ- 
ment, as well as their recognition and sabBequent use of these facilities. 
Chapter 3 treats tode,^ provisions intended to achieve easily Identlf lalile egress 
waysi facilitate rapid and^accurace escape route determination, and to confirm 
occupants ^wareness pf immediate fire conditions. These provisions presuppose 
causal relationshlpBjbetWeeh the design of architecturai features, and such 
attributes of emergency escape performance as stimulus detection, situation 
S^Mon ^S- ^^^^^f^^-'^strategy formulation. The verif lability of this suppo- 
sirf r '^ »«"dtty -of causal relationshlps rbetween p%itcal design and esJape 
^1 of empirical support fo?. applicable Code 
provisions are Che chief problems outlined with Section 3.3^1. 

Additional Code provisions are inteiided to assure that occupants a^e not 
entrapped in the event that any single exit route becomes blocked by fire pro- 
ducts, that occupants will not become uriheceisarlly confused if exits are rtbt 
Immediate accessibl^e, ^and that eseapges do not overshoot discharge poiits along 
any escape route^ Decisions which occupants must make concerning the formula- 
tion and revision of escape strategies are often required on a naober of occa- 
sions during the emergency event. Design provisions which potentially affect 
the quality of occupants' egress strategies Jresnppose that escaping occupants 
obtain information vital to declslbnmaklhg from the social and physical envi- 
ronments during the course o| the fire event. Technical problims associated 
with these issues are presented in Section A. 3.1 of the report. 

* °f P^°^i»i°n8 are Intended to affsare that emergency igress from ' 

public bulldtngB will be orderly and well organized, and that maladaptive crowd 
un?tv»?! could lead to panic or abnormally lengthy escape time will be 

unlikely. The special problems associated with crowd behavior and thi ImpUca- ^ 
tions of building design for crowd mahagement are int?6duced in Section 5.3.1.. 

Whether or not building occupants can safely -and rapidly negotiate egress ways 
may be sub«antiaily affected by the, sensorlmot capabilities of thtse indi- 
viduals. This effect is potentially influenced by a number of building desien 
provisions treated in Chapter 5 of the current report. Section 6.3.1 intro- 
duces the problem of accomodating human perfbrmahci capabilities In eeress 
design prbvlslbhs bf the Code . * 

tI!? »3t^^t^°"'^°''^5"^"?^l'*^^''^^? °^ °^ igress are Intended to assure 

that exit ways can^adequately carry anticipated occupant loads during fire emer- 

faf^^'^• > "^^"^^ ^hat exit way! ate bf 

hI! t ^Kt arrangement minimizes opportunl-, 

ties for blockage^ and Sther impedimenta to rapid egress flow. Sectlbn 7 3 1 " 
of the report presents the problem bf evaluating exit way capacity, in vlfew'bf 
occupants' sensorimotor capabilities and the dynamics bf fire Situations. 

il6 
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8.3.2 Behavioral Mbdela 




potentially Inpist pccupiiit perfdiiiiiiS dafing (IteJ. pro.moi.. wUlcti 

learning eBphaslrea the importance of social invironmental stlmuii'^tb Jhl 
reintorclng. Social teaming also sujriTeBtB thjif- <riHa&<.i -i« ^- *'r**^h.^:Y?y 

tuMtii^Behtjl lif6riitii„ piobe..liig jppiiri tb provide tfi. ioit u«mi 
Ihl. iodil hold. ii.t „«op«,s.=ii iitt4f iSprri"dl,\^'"lT.«h™ 



8 Supply individuals with it least 
H7 



0? ^^'^S^i^mr^^^'r^^.^^^^'^ irrespective 
peSlt successful e'l" „egoL^tton" Lcldin.i M ^^'^'^ 
ceptualized as strnkp^LrT - --^"^^y* ^^^^ sltnatlene can be con- 

^^<^'WUS^lr^::!^ ^J"^ Of social p.ycH.I.gy. proUe a 
people attempt to escaSel^h^S 'h^?^?^ ^'^r "^^^ ^^'^K^ K"°P« °^ . 

-odel. for eLyiersSgests Isit^^ outcome-dependence 
tlon dependency exrsrs^ir„*on „rfi=r ^" ^""^ '^"^ Informa- 

(..g. .l.ltors^o1llt%e-bJtld^%^^ 

the building whoia they .SiDect ro L m^Ai, *r 7^ depend upon workers In 
The imitation moLl sJigJs^rttet^nJef cerfltn ^'"^"^^^ 

copy behaviors exhlbltg by oth^r S^Jloni tSv ^ Individuals ,.111 

reward-exchange mbdel posits tSat ^ tnHt^f J^, "^If f f ^he 
to the extent^hat tL'^prJdUctiVy^lnterSt^^^^^ ^"1^ 
ent ^th the Indlvlduai^^s own objLSS^s ffi^^^^^ '° •'^ congru- 

: based on aftthropaidKlcal r^S^-^^fi ofTl * environmental space modil Is ^ 

SiSr-;soSrs?mi^^^^^^^ 

jrSSinlng oS^erJ^yefc^^^^^^^ 
way an indlvifual cond;ct^7frc^pt^^^ tactl^^^^Hd^ 

envtfonmeritil conditions while rB^^f^f^rF ^w- rf --"^''*'^"^ of 
Ing its stafe. TTif^c^^^^ 

stressors from t^ envtrora'^t Siracr suggests that 

may Interrupt or overroanndtvtdSs' .blll^ processes. «„d 

stress; The btomechanlcal modlrSscrlSesihe y^ ^^ 

structure cohal^tlng of numerous S^ll-ibrrnl a-S -"^''^ " '•^^^^ *^°"Pl^'' 
fi^rdwar. (e.g^ ddor^^ ^?hfse1oJel^ ^i^^^W^^^^^' 

conleptaal?^^'g1SI 'e^^oSanS'^f ^ f^^tor.l sclenC. are usefuj^ 
capacUles: Tfie partLK^'dll ^^^^' ^^^--^ «nd for predicting their 
ogou. to evacuatlrrSall blariy a funn^?^ ^^'^fK! ' ^^^^^^^ ''""l" 

ioJel. the rapvemenrof SasSes of Jo^t„ ^^^^^^^^^u^^^^^^ ''^^ hydraulic . 
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tiystem of .pipes 9 valves » and c«tch basliili* The gaseous nodel has been suggested 
to describe low density pedestrian mpyementi under conditions where indivtdaals 
exercise eoaslderable freedom of choice. Although not itself a descriptive 
iBodei^ the psychologtcai concept of personal space » which posits individuals* 
. to inaintaln protective buffer rones around themselves^ is useful in under- 

L standing iiffi^taCions Co the capacity of e These models and concepts 

are discussed in relation to Code _proviaions affecting the capacity of meahs of 
egress in more detail in Section 7,3,2* 

. " ■ ^ 

8»3»3 Assessment of Behavioral Assumptions Based on Che Technical LiCeraCure 

Pre-emergency training and pre p a r a tion . Ar^yiew 9f the literature pertaining 
tlgprbyisions artd assumptions concerning pre-emergency training and preparation 
y^??-*^f^_"^*^^ co^ply^^L^P** assumptions in thifi irea_ imply 

chat panic is a likely outcome of fire emergencies. However, the tetin -parilc" 

lacks a widely accepted technical definition. Controlled social psychological 
?'?^9??*^9?y_??P®*'i??"?? b?^^_?*^9W? _P^"ic"lifee responses to result when. tirae-to~ 
escape is perceived to be insufficient, and when leadership is unavailable. 
Journalistic accounts of actual fires have also recorded panic^like behavior 
ander similar condlclons. On the other harid^ pbst-ihcideht technical studies 
of fires have shown that such panic is a rather inftequenC occurrence Behav- 
i^J^al assimptibhs uhdcrlyi training and pre paratiorr-*provi8 ions 

of the Code also Imply that che Chreat of panic may be reduced through fire 
exit drill training. A number of post-incident .studtea support- this notion , - 
?^?^9¥?*^_"^J*i^^ct evlderi^^^ relationship between drill training and panic 

reduction is currently available in the technical llcerature. \ 

The question of whether beh^ exit drillsknd other 

form's of pre-emergency preparation transfer to actual emergency condiClons . has 
been considered by § hiimber of investigators. ^Hbwever^ there remaiws no empir- 
ical evidence of a transfer of tralnitig from exit drill pe^-forraahce to emer- 
gency egress behavior. Some fire researchers have also noted the importance of 
??i?_§rlll fr^jufjicy^ al empirical evidence currently. exists 

demonstrating the effect of drill frequency on performance diirihg actual emer- 
gencies. TWO incidents recorded •in the literature actually question the 
benefit of freqiiently-^conducted exit drills. • 

•Virtually no technical data ate presently available describing occupants* 

' ?^^^J^"^^?_?PL^?^?rl®_?D^_**?i^i_P^ the_ relationship 

between occupants* attitudes and their performance either in drills or actual 
???rgencle8» The problem of a^^ training procedures to the peculiar- 

ities of Individual ocra^ancles also has been noted in both the Code and the 
literature, to date » most research on drill effectiveness has been conducted 
iDj^ccupancles with dlstln leadership hierarchies ?e_.g. nursing homes) » and 
results of studies in these occupancies may not generalize to other building 
types (e. 3. ahbpping malls}. In summary, the technical literature neither uni- 
^ ^^^®?^?-y_?yPP9??*' ?*^?_^^b^^roral assumptions underlying Cbde prbvislbns affect- 
~*5:ng pre-emergency training and preparation, ndr supports specific alternatives. 

Perceptions of the emerjB^enc y e nvironment . Available technical data are 
insuf ficie^it to either support or refute most assumptibnns underlying Code 



_ _ _ _ f' _ - _ _ ■ _ ^ ^_ ••■ 

P^oyisloris pertalhihg to bccupantoVperceptiphs of emergency environment and 

their recognttt<Ji of egress faclllt^ea.^ Various 'studies a to refute 

assiimptiphs concerning eiaergency alerting signals. Ebctreraejl^ few technical, 

P®^^?^"^nl^?o_ effect of door and window design on route perceptiba I 

were found, virtasHy none of these .lata specifically addressed problen §88b- 

ciated with emergency egress. Simiiariy» very little research concerning the 

^? ?:?!?!^^-^*?^-9D_?!®Y®l_^n egresb rbu perception has been cbnducteriV 

and it is not now possible to either confirm or. refute the minimtai illiireiriatibri 

level currently specified in the Code. 



A number of experiments have been conducted to exaictne visibility ander ^mdke 
^PD^^L?l9D8» However mcthodblogical difficulties iiake it difficult, to 

interpret findings fron^ thes(e studies. Mc^reover, cbncliisibhs ahbiit optical ' 
visibility distance i particularly under smoke, conditions, remain somewhat 
equivocjil. The ^ode prbvisibri specifying a maximum switchover delay between 
standard and emergency^lighting, and its snt:6^^.^^nt human behavioral ^a^ ^ 
tlbn^ are suppbrted by ayailable psychophysical. literature on light-dar^ adap- 
tatio>i. It s^^ould be noted', howler, that the literature reports data ;f rom 
laboratory experiments lacking many of the ambigattiea and stimuli whi(;ih/My 
be present during actual tire emergencies. ' f / 

Current knowledge about the effectiveness of signs and visaal Information is 
???®^_yp^n labbratbry experiments designed to test, th^ visibility and iunder-- 
standabiiity of sach slgn^^ge. 1%>wevei;, little is known about how, ah^ whether » 
directibnal signage isactually used by escaping occupants during firik situs- 
?^_^*^M* __^®_^^®8tibri of whether the visibility bf directional signs i^ impaired 
by eooke has been specifically considered in the literature. Althbiiglh the 
available data are not extensive^ they do suggest that such signs, wltile commonly 
pp 8 i 1 1 on e d o V6 r he ad , _ wo u Id ^ be mo re eas 1 ly s ee ri und e r smoke cbhd i t i b hs i f " 
poditioned within two to three feet (0.61 to 6.92 m) fs?om the floor. : 

* eftects bf ^ 

carbon *moni|[xide (CO) on information perception and reaction time. However, 

research with human subjects is hbt sufficient to warrant useful conclusions at 
this time. 




ftudles are avallablevde^ bf arrows 

in way-finding, although no data have be^n found which show the effects of fixed 
^itectlohal arrows bh emergency egress behavibr and time^ Data firom highway 
research s^gfests that human subjects respond more quickly tb graphic symbols 
than, tb information presented on vetbal^ signs . No data were found itidicating 
whether or ribt this is also true fbr j)ede8trian8. Similarly » no data are cur- 
rently available to suggest that verbal ? deter bcciipants from 
making ihcbrrect egress route decisions^ or that .the presence of such signs 

reduces overall building evacuatibh time. . ; < 

- . • ■ 

Much of the literature reportingdata on the effectiveness of aodible and 
visual firealara signals stems from nbnexi>erimehtal post— igcident investiga- 
tions of actual fire events. ^^These studies indicate that^^^a^ signals are 
frequently not perceived by occupants as signaling an actoai emergency. A 
niimbeg^ of sociological Investigations bf lar^e^scale' natural disasters^ as 
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well as Joarnallstlc accounts pf flres^ support this notion, these findings 
tend to tefute the behavioral assufflptlori that alarm signals will effectively 
tnltlate prompt and purposefui.eccergency egrea« action, whlch_tends to underlie 
a> number. of Code prbvlsibriSt The effectiveness of visual alarm devices, 
important to hearing-impaired baildlng -occupants , has riot been exarained'in the 
literature. ' 

Regarding the quality of alarm signals, a number of irivestigatbrs have suggebted 
that responses elicited by manual alarm bells tend to be ambiguous and cbrifused. 
These researchers note that upon receipt of such^ alarrasj occupants are often 
observed attempting to seek additional information^ rather than taking prbrapt 
action to evacuate. Cfci the bther hand^ a small niimber of anecdotal accounts of 
actual fires point to victims who, haylrig feea br_ heard an alari signSl^ formu- 
lated an effective egress strategy, and sobseqaently escaped unharmed. Gen- 
erally, however, available technical evidence suggests little support for the 
. assumptions that alarm devices, once activated, will provide unarabigous emer- 
gency Information, br that they will reduce overall escape time. 

J/ ^.^ _ _ ... ■ . _ • ■ ' 

^Eg ^esa atrategpr forination . Taken as a whole, available technical data are not 
sufticient to either suppbrt or refute behavioral assumptions underlying Cbde 
provisions which may ;tnflaence the ways bccuparits formulate emergency escape 
strategies. However^ the psychologicai literature does clearly iridicate that 
occupying a burning building can be a highly stressful ^ if not life-threatening 
events requiring individuals to make complex arid poteritially very costly deci- 
sions under severe terajporal arid environmental constraints, and under pr^ssirie 
physiological demands; 

As of the current Irivestigation^ there are few technical data available 
directly relevant *o assampc^lons abbut occupants' capacitiesNto Rapidly and 
effectively proceaS^.and utilize information cbnceSaing the location and func- 
tion of means of egress. Iri gerieS:al> <:uestions afioSt hgp^scaping bccuparits 
make specific route choices, or about the kirids of irifo'rmation they sought from 
the environment have not been raised by fire experts. Pindlrigs from empirical 
investigations of way-f iridirig in buildings indicate that floor plan complexity 
|pd the visibiiity of route elements, are key predictors of wayfinding success. 
These findings, howeve^r, contrast With data from post-lnciderit fire studies 
lahtch suggest occupants' fMiilatlty with building layout and exit locatibria 
to be the chief predictor of effective emergency escape. 

Few data are available from the fields of f±i^ research that are useful in 
evaluating the assumption that occupants are capable bf effectively determining 
the.safest and most accessible escape rbuteswhile exposed to the psychblbgical 
stresses produced during fire emergencies. Firidings frofi soeiingly pertinent 
psychological and tbxicological experiments conducted under narrowly defined 
laboratory simulations/ raoreov^ may be difficult to generalize to actual fire 
situations, partly J^ecapse of the ifflpraetlcillty aSid immoraliVy of conducting 
research in which human subjects are exposed to actual or potential life 
threats. Fartheraore, psychblbglcal Irivestigators have not systemattcally 
|tudied burllding fires as a special class bf events, and hence, generalizations 
^.^trom psychologic invest decisionmaking and behavior urider stress 

C^or^fe threats kre little more than lijitested hypotheses about responses during' 
lires. Research on natural disasters has also addressed the effects bf stress 
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on declBlonmaklrig and escape route choice. Although thiq work has not 

prevent or Inhibit effective decisionmaking during emergency sltuattone It 
SsSg" ^ each conditions declelonlakl.g Is .ore time 



^t^l^^ ¥aV Behavioral assaaptlbns regardlHg 

llrell H ^^^J^^^^^':°^^^^^''S:>^^^^r, t^ Important aspects cf dls"fpllhed 
egress and crowd movement during emprgenclee, appear to be at least oartla^tr 

coTur"!' ?Je^\M"char'1^"^^"f ^" P-"*-lar?^.o:t".L"^cHi ^ 
to follow dir,.KJ f f ""^^-^ """y Circumstances, Individuals and groups tend 
figures strong and clearly perceived leaders or authority 

-ffrrt* u*^""^ preparedness of assigned leaders or 

^^auon-rco^-hraire^^^ 

experiments, t. «.Uc« larger scale building .vaeu.tlonfhav" not leen established. 

sou^ces^of'data ^J'^^^^J^i^^n^ntal psychology provide Important 
d^nslrv evaluating assumptions about pedestrian movement under high 

density occupancy conditions. Investigators from these disciplines havr 

chff"t1rlL'%\e'T'h^'' -""^ increa^Ia''aroasal''t:nd to 

^^^r U Js n^r °P«="P«'!«=y experience for many individuals, How- 

~l«tf™ ^ now known how these factors influence emergency egress behavior 
-rn..«^ ''^^^ suggested that increased psychological 

^riSivldC^l'- " ^'.'^ behavior. m,y result from encroacJimin" upon 

-^^y-i not| 
all but the most essential personal space. willing to forego 

The arderly evacuation of large nuibe^s of oecupsnts from public buildings 

Su;pjnr^iesiiy%f ^i^t 

^^^.'^^^^^^- J^ d l».Medlate vfcinrty of the point « dllc'hs Jge. 
Specific lnves^.^-t^o^3 of exit discharge Under naturalistic conStrtn^a ^ \ 

tionrr*^ '"^ ''^f '^^a- - "^"^^ °f post-rn^rde^^^^^ 

tlons (viry few of which dealt with public occupancy buildings) hSd lndlcSd 
that re-entry by some evacuees'is not ancohssori. ^fo research has h....„ V 

^^ '"t^mrn r^tr-^^ ^^^^ egre^rsSr^-cr^ h -"^^ 

of tSJ-wa; ^^^l ^'^ ^^^^^ ^^^^Be it Introduces the potential problem 
Of two way traffic in egress ways, a subject largely ignored by the Code; . 

Behavlbral assumptions concerning potential effects of architectariil bsrriers 
on crowu movement were evaluated with reference to f Indlhgs fSm sfudles of 
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pedestrian moveicent and crowd flow phenomena. In general; available data 
Indicate that ouch minor egress way constrlctiohs as might refiait from stair ^ 
railings^ door hardware, etc., do not measurably Impair the performance of 
occupants using means of egress. The perceived complexity of f biiildlhg's 
floor plan may, however. Influence escape time. Tills conclusion is evidenced, 

parti by research suggesting that paths which contain bends and turns are 
frequently perceived by experimental subjects to be longer than linear paths 
of equal length. On the other hand, available data do appeal to support 
behavioral assumptions underlying Code provisions specifying maximum forces 
reqatred to open doors and to manipulate panic hardware. To date, however, 
researchers conducting post-Incident Investigations of fi-reN events have not 
addressed the question of whether either escape route cbmplexlty or archl-^ 
tecturai obstructions Influence actual emergency egreas performance. — . 

The psumptlbh that ineans of egress will in fact be raalntalhed clear and fully 
avaiiabte for Immediate emergehcy use cannot now be evaluated by reference to 
technical data. Similarly, while anecdotal accburiti have occasionally cited 
potential conflicts between building security and emergency egress bbjecttves 
(e.g. Journailstlc reports of escaping who have enco'antered locked 

exit doors) i such conflicts have not as yet been systematically investigated by 
researchers. " o . ^ 

Occup ants ' capabilities to ^safely and- ^pldly nego tiate igress ways . The 
current Investigators found considerable contradiction In available data 
describing occupants' capabilities to negotiate egress ways. Consequently, 
specific conclusions about either the validity of behavibral assumptions or the 
efficacy of £o4e provlsiona which affect such capabilities cannot be drawn. Fbr 
example^ a pomber^f behavioral assumptiojis* concern the notion that accidents 
(e.g. slip9, falU) along means of egress may impede flbw along such elements 
as corridors^ Stf Irs, ramps, and through door ways. Investigators Have studiod^^ 
stair riser-to-tread ratios, surface frictibh, and other physical characterls- ' . 
tlca of egress ways to determine potential caases of accidents. -However i the 
accident literature has failed to reach consensus on the caases of slips, mis- 
steps, and falls, has presented no statistically sighificaht correlation between 
accident rates and surface friction, and presents contractbry cbriclusioha 
regarding the role of stair riser-tb-tread ratios in stair accidents. Moreover, 
specific effects of occupant accidents during emergency evacuations has never 
been systematically, ihvee As a_ result, it Is not possible tb determine 

whether mishaps— ♦yhlch may Impede bverall egress flow in ieans of egress—occur 
with greater frequency during stressful emergency situations, or to what degree 
they adversely affect overall escape time. 

The ^Cbde requires that handrails be provided on stairs under the ffssumptfon that 
handrails will facilitate the safe and rapid negotiation of egress ways by, at 
least in part, reducing the likelihood of missteps, slips, and fails. However, 
the available literature does not permit specific conclusibns cbhcerhihg th^ 
provision of handrails, particularly ihteriediate handrails which may be 
required for stairs wider than 88 inches (2.24 m) . 



Research oa rarap negotiation Indicates that ramp slope may affect the ease, 
speed, and safety with which pedestrians use such facilities, the literature 
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on ramp use has noc, however » specifically considered surface f tic cJ.on In 

sufficient technical detail to permit as^fu}: conclusions tc be drawn at this 
time, 

Ph3^ioiogicsi stress and fatigue may also affect occupants* capabilities to 
safely and rapidly negotiate egress ways, and a_86umptibn8_cbncerning these 
phenomena oSten underlie design provisions of the Code^* Technlcsl data rele- 
vant to fire egress situations stem primarily fro\a animal and human toxicolo- 
glcal research^ and from laboratory experiments in human perception. Anecdotal 
accounts reported by fire victims provide addiclonal insight. Several well- 
controlled studies have demonstrated the deleterious effects of prolonged CO 
^*P^l^t^_9D y^^iial and psychomotor performance. However^ the low level 

dosages required ln_the conduct of experiments using human subjects, and the 
unrealistic design of many toxicological experiments^ has led to findings which 

9?^^?_^^'*^?^§?^^^?4_^y_^h^_?^^P9^F Pf ?iV^ victims. Moreover, 

limited data ^roBBi laborstory experiments and field studies on human behavior 
in smoke-filled ehyirphments are contradicted by a number of journalistic 
accounts of fire victims* experiences. 

Potential effects of multiple toxicants (which may combine chctaically to 
produce additlonsl physiological stressors) bit emergency egress performance 
have not been systemstically studied by researchers. Hest stress, another 
importsnt. cbhsideratibh^ alsb has been the subject of physiolbgical Investlgs- 
tion. B^wever, the focus of this work hss been on long-term endurance under 
nonemergency conditions^ and. hence it is difficult to draw specific conclusions 
from these studies which would be pertinent to the prcblems bf building fires. 

Smoke conditions, potentially influence visibility. While a number of studies 
have described the effect of variation iii smoke density upbn visibility dis- 
tance, no data are available establifihing a direct relationship between smoke 
density, snd ysrlous fsctors contributing to escape perfbrmsnce. Several 
resesrchers hsve suggested , however, thst impaired yisibility csh trigger other 
forms of physiological and psychological stress, which may in turn sdversely 
affect egress perfbrmance. 



The present re^ij^g^of tlje technical literature yielded limited useful 
Infbrraatibri concerning potential effects of desd-end corridors on egress time. 
The assumptions that scr ^^^P^de flow bn outside egress stairs is 

bssed on current clinical^ judgment ^) although the effects of acrophobia under 
life threatening conditions remain little understbbd snd are presently the 
subject of controversy smong clinicians* ^ 

In cbriclusibii, the literstiire pri respirstory, visusli arid thermsl stress snd 
fatigue report data which re often only indirectly relevant to stislyses bf 
emergency egress performSnc^. In virtually no cases do research findings 
point unegyivocslly to Sny single explSnatibri bir sblutibh. ffowever, findings 
reported in the litersture appesr ^o conti;^dtct behavioral assumptions under- 
lying relevant Code prbvlsibns. 

the cspscityofmeansof egress . Data reported in the technical literature 
permit few clear cbhclusibhs regsrdihg the effects of architectural Impediments 
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^^ ^^^^^ ^^^t'^y^^^ool o^ egresa f^w* For example^ doors are potenLial 
impediments to pedestrian novement along corrldors^and between elements of 
egress route8,__E8timates of mean pedestrian flow throagh doors ranging from 
30.2^per8/mln722 Inch uhlt^ (^^^ pers/ser./m) to 58*8 pers/mln/unlt (1.75 pers/ 
sec/m) have appeared th^/ltterature, (the ^o<te suggesns that 60 pers/mlri/ 
unit, or 1,78 pers/sec/ra^an pass through exits along horizontal surfaces). 
^^^^^^^^Y *'i^^_Y*?^^?^^98_i^_^8tiM effects of egress way width 

reduction (which of ten occors at door i^f ^A^latio.rs) upon flow efficiency have 
been reported. The question of whether, and how, door swing direction 

^^^?_^l*r9yi^ ^o9'^_?*y?» _P^rhap8^ one of the most critical issues in 
the provision of doors , has received only minimal attention. •Tapanese research 

shown that egress time may decrease by as much as 12 percent when exit 
^^^"^^ ^^'^^S ^l*^9?^'^??*ff^9_^l-9¥i Prpvlded that pedeetriah densities are not so 
^high as to prevent the doors from being opened. 



In addition to flow reductions which may accrue from door design and 
installation^ various investigations have indicated that such other architec- 
tural bbstructlbhs^s railings oay also impede pedestrian movement. For exam- 

9^_^^9^fr wide stairs has been shown to reduce 

downward flow by as-mucl^ as 20 percent. Insofar as other forms of bbstructlbris 
*?^_J^9Dcenied, available data suggest that obstructions up to one foot (0.31 m) 
la width tend to have little or nb impact bh pedestrian flow, even in relatively 
high density situations. 

Other potential sources of reduced pedestrian flow implied by Code pirbvisibhs 
include bends arid comers^ often found along corridors and stair ways. Data 
"^^P?^^^^ ^*^_*^^9 ^^^^'^^^yre generally indicate that flow rates are maintained at 
bends on stairs^ and that queue formation at corners in cbrrldbrs are atypical. 
9Q9_9*^P^^i™^*^tal irivestlgatlbri of corridor use^ in which corridor layouts were 
artificially configured in a laboratory, reported reductions iri walklrig speed 
at corners. ^ 

In actual buildings, it is not jincbmnibn tb find width reductions over the 
length of a_ linear corridor segment. Available research suggests that rela- 
^^y?^y_???^-_^^^_^b reductions have no measureble effect on pedestrian f iow« In 
fact^ corridor width reductions of 33 percent have been shown tb prbduce flow- 
reductibris of 10 percerit. 

the_ Code severely restricts the use of revolving doors as means of egress » as 
the placement of turnstileis in pedestcian ways expected to be used as 
m^ns of egress. ?P_?bo8e cases where such devices are permitted ^_t:he exits 

_ in% riot account for more than 50 percent of required^it units^ These reetric- 
^^9"^^ J*?9_P^edlcated bri the ribtipri that revolvirig doors and turnstiles sobstan- 
tiaiiy reduce pedestrian flow^ thereby increasing required egress time. Avail- 
sble data bri revolving door performance indicates flow, through these devices 
t^ be between one third arid bne half that of ordinary doors* Other research 
has examined pedestrian flow through turnstiles under a variety bf cbhdltlbns 
(§•8- irivblvirig the depbsttirig bf cbins or taking of tickets). Depending on 

» the specific circumstances, flow thrbugh these devices appears tb vary from 
8.4 tb 33.6 pers/min/unit (6.25 to l;bb pers/sec/m). Substantially belbw the 
sverage flbw rate bf 50.4 pers/miri/uriit (1.50 pers/sec/ra) reported for ordinary 
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code, they do support ^^^eTf^^^^^^^^'^^ P^™*"-^ by ^hI 

i Jor example, researchers hif^genynylSuad'ol^^' 

dors to wary from 43 7 tn a* v f^v^^"?*" P^^eatrlan flow In level corii- 

«t.ntlallyioweT4- ,S1?ow raCe^floo'' '>^^-^--^">'^^^^^^^^ 
recoeaended by the Code. Th^i flo„f Pj^/'-in/unit (2.98 pers/sec/m) 

with e«ptrtc.l flndTHif ^n'^^li,^ 

gested that the variance Ih reoor^^l ft ^ ^® llttrature has also aug- 
Itiea associated with "us o'ccu^ancfir'^^f^r^ to peculiar- 

lengths of corridors staled (the Sde rln» ? i-^^^"**" the. widths and 
occupancy-reiaced differences IHcSrL^^ ^" ''*^'"*"^^"^^^^^ °f these 
and other physical characterisJlcr^f Jcc„SS"^ 

tlonal features of buildings' and thS °^^"P"""i-«^chltecturar and organlza^ 
appear to Influence pedes tflin pyo^^^'^ S^^^ ctrffdors. 
ately however, neither specif Ic SnSSCtlonstFefr.*" »0«e ^.y.,^ Onfof^„„_ 
aapng factors have, been eiplricaily Ifi'estlgrtedf "^"'^ """^ tneeractlons 

pers/sec/m) In descenfTifplrlcirSudie^ h^*" rate of 45 pers/Sln/unlt 0.34 
oay vary between 30.2 and 3^1 b^,-!/ f ^ l"'^^ '''^^^^ that measured flow rates T 
descent. The NatlonaVsurelu^ofs anda"rd"; ^"'^ pers/sec/c) In'", 

shown above. Indicating that thli „a« 1^1 * 1935) reports the highest race ' 

NBS (1935) reco^ends that a dLlgrratrorS conditions. ' 

would more adequately acdnmiodate^norm^r Varlatfons In i""'*' ^'-'^ pers/aec/m) 
datlons concerning the capacity bf s^s Ire hM«*H '^^"Icy. Code recommen- 
However. Pauls, who has conducted the Jolt llr=n?°? 'his recononendatloh. 
moveaenc and building Evacuation, Sas pot'tid t^ J >.*l!r""^""°"« of crowd 
Of other researchers, which conslsKhtrv inl?^ ^""^ 'hose 

by the code are too high. p[uls recS^^s tSt ff^".^'"'*" recoaunended 
on the order bf 30 pers/nln/'nlt ro §r^»r-/ 5 "ow down Stairs Is ordinarily 
building occupancy." PauL fias aliolouhrt^afl- ""'""^ conditions of normal 
overall evacuation time for high-rise b□llH?^ • *""P^^"ve of stilr design. 

• Ion. «B the b..l. of j,„ reBo&ld l" ffi. •''!?-'P*"="*= c8icl„° 

«s ^uS^-^^eSr |"f -J'y-v-s-e;^ 



126 



141 



/ s 



The Ccsde treats ail ramps^^ as sabstantiatly equivalent corridors for 

purposes of cbinputihg dbvmward capacity. That is,, ratops are expected to carry 
100 jpers/mtn/anit (2.98 pers/sec/n).^^ the Code suggests 

that while Class. A ramps will carry pedestrians at the downward flow ratc^ 
Class B ramps will bhly carry 60. pers/iiin/unit (1*78 pers/sec/iS^ In geh^ral, 
data reported i^ the techritcal literature indicate that fbr most uaiflps with 
slopes between 1 in 50 and 1 invg (i.e. 2 and 12 percent), flow characeeriiti^is 
are substantially slmirart as^bciated with level corridors. However, 

some investigators have noted lower flows on ramps with Slopes greater than 5 
to 7 pero^^i for bo^ upward and downward travel . Hence , available data 
appear to 8uppbrt^8o« of the aiiiunp underlying Code provlsons coricerriirig 

^he capacity of ramps. In pBrticular, flow on most rlSp^ is similar to that 
.in level corridors * and pedestrian movement speed is higher on ramps than on 
stairs. Available data fb hot permit the general conclusion that downward 
travel on ramps is typizalijr equal to, or greater than, upward trayil. 

Code provisions governing the capacity bf mians of fegreSs a«* partially based 
on certain expectations about the ]^eartty of pedestrian mavement. Data on 
the capacity of egress ways reported by NBS ( 1935) led Inves'tiggtbrs at this 
organizationL to recominend that people may safely be assumed' to travel in linear ^ 
files 22 incTies (0.56 m) wide. This assamptioft (which ierves as the basis fof 
present^dle- recommendations) has more recently been supported by Soviet data 
on occupant circulation within buildings^ and to a lesser extent has also been 
supported by data collected by Fruih in ^he United States. Other investigators 
have shown, however, that although iuch linear movement might occur within par- 
ticularly narrow egress channels, the -lane" effect Ls generally not apparent 
when channels surpass approximately 4^0 feet (t.22 in), in widFh. For such wi^de ^ 
channels, a number of researchers noted -staggered" files to be most coirunbri. 

Pauls, however, found even staggered files to be a^picat, since occupants ^ 
(particularly stair users) seek to maintain body buffer zones, and since thete 
nay be some variation in the size of baffer4 required by each 'individual in an 
egress way. Pauls also reported wide variations in side-to-side body sway and 
need for handrail support during stair use tb be quite common. On the basts of 
thfese findings i Pauls recommends that, the minimum width fbr heavily used stairc 
in public occupancies be 55 inches (1.40 m) . According to Pauls, this desiizn 
value would permit shoulder-to-shoulder walking, ab well as easy passing on 
stairs, in view of the relatively nonlinear movement paths typically found on ^ 
these elements. This recopiehdation contrasts sharply with design values pro- 
vided by the Code : (1) mtnimam width bf inches (1.12 m)' for Class ^ ^tatrs^ ^ 
(2) minimum width of 36 inches (0.92 m) for Class B fetaifs^S. (3) absolute ' ' 

minimum of 28 inches (0.71 in). aospxute ^ 



|A ramps are^ defined to have a minimum Width of 44 inches (1.12 m) a 
Bum 8lope_of 1 in 10, and no limit to the maximum height between land- 
tngs. Class B ramps are defined to have a ratntmam width of 30 Inches 
(0.76 m), a maximum slope of 1 in 8, and a maximum height of 12 feet (3;66 m) 
between landings. . , ■ ' : ■ 

^5 Clais B stairs are usually the mintmura required by the Code for pubxic 
Occupancies • 
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P^ul8>a^ further argaed that Che relations W between stair width and downward 
l^rinff.iT * "^f continuous, and that each extra Inch of stair width can 

^ f°'=«^"^"yjtn<:'^eeBe flow rate. The Code penolts, half credit fbr lll ^tra 
eStJ^wld'tT^".'' ""? 21 (Oral aad 0.5TJ). a«d givel 115 credit whate." f^r 
Snforls to l lttTrk^"^ 11 inches (0.03 and 0. Jig SJ^ This recoamendatton 
ReSr^e to K^t^s? ""^^^ downward flow. 

Slr^H ^ ? -^^^ othir researchers. Pauls argues 

c^la^^f" -° e»Plrlcal basis for Code's SEep-llke approach to allowlnl 

efff^^J ^"''^''"^^^^ ^vtden« suggests Insteid'the 

efficacy of his continuous "effective width" concept. 

-'- - - ■ ■ - 

The reader should note that although nuierous stldles of egress way capacities • 

IV, t^^. conducted since the first comprehensive report on this topic was 
l«lvl dor LoUc'tr'''''.f ' t^""^ '"^'^ '^^^ neither cumu- 

li M^^^ 

Ibover"He"IadIf^;P?r^'^ ^^"^^^^ ^ ' 

■ "^°''^^-^''«/"^«f should bear In mind that researchers hav4 tended to work on 
the basis of widely varying research questions, study designs, operational 
deflnttlDns, and behavioral meaAirement methods. Finally, It Is impor tint to 
remember that all empirical Ihviktlgatlons of egress^ar?^^^ capac?tlls 
reported m the literature were conducted either undelcontrtvld laboJatbry 
conditions, or under nonemergency conditions associated wJth ivery-aay use of 
pedestrian ways m batldlngs. The only exception Is, of courSe PauJ^' 
tavestlgatlon of building evaluattoti during fire ixlt "rllla" ' 

SUMMARY OF SAPS IN T HE TECHNI CAL LITERATUR^ 1 . ^ 
S.A.i Overview . » ^ . ^ 

Sress^'arE^at'^eL'^^^S'"^ "^"^ capadtleS 6f m^ns of 

iHif r . ^, easily discussed topics with refereiSe avail- 

8.4.2 Pre-epergency Training and Preparatlbh 

— * 

ooL^r?»l"P "--^^^^ constant threat and whether 

li^T A A S panic are reduced through pre-emergencv prepara- 

ChaSter 2 off ii^^^-"* P''"^'' provisions of the s^m^ arfcoverea in 
Chapter 2 of |^hls report , ar^not now Tanswerable on Ihrbasts of cUrr^" 
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knowledge. Xhis Is true^ at least Xn part, because researchers have yet to: 

(1) adopt a standard operational definition of panic and a standard method for 
measuring panic behavior (2) Identify aiid measure en virohmental arid situatlb- 
hal stimuli which trigger panic or Increase Its llkellhdbd , (3) describe ; 
perceptual and cognitive processes which lead to panic* (4) understand the 
processes by which leadership and Che subsequent division of tasks and respbhsi- 
^II?-^^^^ |_^educe^ the ilfcellte^ P^^i^i (?^_?P^9^^?_?**^_^^^^?^^D®**^P 

preemergency training and the occurrence of panic, aad i6) specify the rela- 
tionship between occupancy characteristics and the llkellhbod bf panic. 

The general assumption that behavior learned during tire exit drills transfers 
^. tb actual fire sltuatlbni remains to ^ empirically dembristrated. In the 
^future, such desotiBt rations will require researchers to design and .conduct 
longitudinal field experiments which pexrmlt -assessn^ents of various Jtrairiihg f - 
protocbls in a number bf bccupahclef , and which >^buld allbw lt>^8tiga to 
evaluate the effects of time on leamingi Stahl ( 1978b)* prol?l<dje8 a basis for 
such research designs.. Where future research in_ this area attempts to intro- 
duce simulated life threats as Independent variables, safeguarding- human 
participants will be of paramount importance. 

Additional pesearch should address the ro^ bccupants^*' altitudes toward 
drills kttd drill participation. Required data include:- (i) correlations 
between occupants attitudes toward drill partlclpatibh^ their performarice 
during drills, and ^hereposs actual (or 

perceived) emergencies^ and (2) correlations between attitude change and 
behaviiir change. 

8^4.3. Perception of the Emergency Environment ^ and Recognition of Egress 
Facilities 

> _ ' - ' ■ / , 

Fev data presently exist to permit an evaluation of; assumiptions 'about pbtential 
effects bf door arid window design on egress route per 

tal accounts of fire victims' experiences indicate the Importance of interior 
d_e8ign to vacua tibii^ particular for transient occupants bf_ public buildings. 

T^^_^^S?f f 2^9_^^^:'^^_y^?^:*^'^? ^99? ^D^_?^**^9?_?1?9^™^"??_9?D_^^ discerned from 
surrounding decor can be studied tfsing laboratory experimental designs. 

--- -- - ' - - : - - ffr-^ - \ - - 

Similarly, the influence of interior design on exiting time can be evaluated by 

means of fieXd experiments conducted in ^eal buildings. Tfiis research can 
becbme cbristderably obre cbmpllcated, hbweyer la desired that life- 

threatening stimuli be introduced or at least simulated. / Here ^ the safety 4n<^ 
well-being of human subjects must be bf primary cojicernp^ 

Available ddta describing the adequacy r of illdmiiiation for egress are ambinuous 
and difficult to appljjf^ to evaluations of Code pri^isibns an'd their underlying 
behavioral assumptibris, e8pecialj.y whei^e^ conclusions about illuminaticn and 
visibility in smoke are sought^ Here^ it^will be necessary to. study the effects 
of smbke on visibility under various^ lighting arid eriyirbrinfental cbriditibris with- 
in the safe confines of the laboratory, ^cpbrimental data may later be evalu^ 
ated in relation to victims' reports documented during post-incident analyses 
bf actual fires. . 



Previous research bh directional signage l^as emphasized the visibility bf'algris 
under varying conditions of Illumination, by individuals varying in their 
familiarity with a buiiding's ctrcatatlon system. The questions of whether ^ 
and how, directional sighs are used during emergency sitaattons have not as yet 
been addressed. Factors which should be corisldered in future investigations 
of directional signage should tnciade sign location, mode of display, lettering 
and/or graphic design, as well as variations in occupants' vlsaal acuity and 
familiarity with the research setting (where this is an actual" building) , amok^ 
density (where feasible), and illoffllnatton^ 

Assumptiohs about the ability of al^rm devices to ilert building occupants to 
take effective action during fire emergencies require further verif Icatibh, 
Among the factors which have hot been ade^ately investigated to date Include 
(1) mode of signal delivery, (2) clarity of alert messages and their consis^ 
tency with occupants' perceptions^ (3) relationship between alarm signals and 
pre-emergency training, (4) occupant with available egress routes, 

end (5) physiolpgical and psychological Impedimehts to effective glgrm signals 
perceptions - • 

8.4.4 Egress Strategy Formation 

Although a considerable knowledge base how exists describing hutaan Information 
processing and decisionmaking behavior, relatively little Is known about the 
ways buti^ing occupants select Infprmatlbh from emergency environments, plan 
escape strategies, modify or switch strategies to accbniodate sudden environmen- 
tal changes, and make decisions which lead to safe escape or failure during 
building ftre3i ' ^ 

To expand khbwledge about these facets of effective emergency escape, it is 
necessHry to more rigorously debrief victim^ after fire events, using rather 
sophisticated ciinlcal techniques for external Irlhg Individuals* behavior. In 
conjuctlbn ferlth such debriefing^, it %riil also be necessary to more thoroughly 
cross-vaiidate individuals^ self-repbrts against those contributed by other 
victims. In this way^ it may not only be possible to obta;ih a clearer under- 
BCahdlhg of ah bccupahts' decisibnsmaking behavior and of the specific ^hvirbh- 
mental factors leading to declslbhs, but to determine the ;cbnf idence with which 
Inferences may be drawn from Individuals' reports, aa well. FutUre debriefing 
protocals should be designed tb permit the analyst to determine how interior 
design, building configuration and layout^ ahd physiblogldal and eiotionai 
stress Influence egress strategy formation and roate choice. 

fi.4.5 Disciplined Egress Behavior and Crowd Movemeht 

The technical itteratute on grbUp psychblbgy and crowd behavior appear to 
support behavioral assumptions about leader'shtp and dltec^lbh taking only 
indirectly. Laboratory experiments and post-incident studies of large-scale 
natural diadsters tilastrate the tendency of mahy ihdividuals and groups to 
take directions fyom perceived leaders or authority figures. Unf brtuhately . 
however, too few data desqrlbihg dlrectloH t\kin^ dwripg building fires are 
presently available to permit definitive coi^clusiohs. Slnillai:/^ the effec- 
tiveness of traihed leaders (e.g. -fire wardens') during real fii« eniergehcles 
« » • ■ / . > 
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J***" Examined empirically. The8e,:gap8 In t^he ilcerature exist 
primarily because to date, **pd8t-lncldenC data collection pirbtocbls have not 
been designed to specif icaily asaess the leadership function. In the future, 
?P?^^?^?-y_^e?^Kned debriefing protocols i of theltype described above » should 
asdist anal^ts to evaluate the effectiveness of various leadership scenarios* 

?^f?M"??:y available data are pot sufficient to elthiS^ support'^or refute , 
behavioral assumptions which underlie provisions affecting building occu- 
pant loading, an^ exit discharge facility deslgii. In addition, extremely little 
jPP^^c^ble to evaluating Code provisions intended to minimize physical 
^;^i™pGd indents and obstacles to rapid escaiJe Was found lii the literature. In the 
future^ knowledge of crowd movement may be_ advanced through the conduct of 
tlffle-motlbn studies under a variety of simulated emergency and exlc^ configura- 
tion conditions. 

8.4.6 Occupants* Capabilities to Safely and Rapidly Negotiate Egress Ways 

^^^S^ partj assumptions underlying Code provisions accommodating occupants* 
^^^^^^^^^^^^ eg re as ways cbhcerh the need to 

pi»event slips and falls along elements of egress ways, and to accboirabdate 
occupants* varying phy^iblbglcal abilities . The literature on walking acct- 
P^^'^^?^?-?*^^? ?^^^ ?^?^^ support for the 

assumptions that under certain conditions slips and falls are more likely, and 

on stairs can Impe^ pedestrian flow and thereby reduce, the effi- 
ciency of egress ways. Ifewever, the literature is rather equivocal bri the 
subject of stair accident causation. Consequently^ it is not now possible to 
offer specific design recbtMehdatibrisfbr reducing likelihpbd of these 

potential impediments to flowi Clearly, future research shbiild fbciis bri this 
gap. 

The assumption that fire products which have Infllttsted means of egress will 

a^f^ct egress flow also requires additional empirical verification. ^ 
Available experimental evidence does not point tb any brie cbriclusibh regarding 
potential effects of _ CO exposure^ and such evidence has been contradicted by 
J*5^_ioyrnali8tlc accburits bf experiences repotted by fir^ victims. 
Additional data describing human .respiratory, visual /and thermal adapta- 
bility under a wide range of firescenarios are required before the effects of 
fire pr5<Jact infltratlon bri the efficient use bf egress ways are fully under^ 
stood. Other areas requiring farther investigation Include the role bf srabke- 
Iriduced visibility decrement in egress way negbtiatatipn ^_ the ability of 
hand t capped and other public building occuparits to manipulate doors arid dbbr 
hardware^ and the role of stress and fatigue in emergency escape. 

8.4.7 The Capacity of Means of Egress 

Provisions o.f the Code specify the desigri bf dbbr w^iys bh the basis of occupant 
loading criteria and available door width.' One poirit/bri which there is little 
equivocatlbh in the literature Is the finding that, under conditions of rela- 
tively high occupant ^ensity, queues fbrm as individuals wait to pass through 
dbbr ways. However^ researchers have yet to study the. questions of how queue 
formation and prbcessirig irifluerice egress tinier and how door width specific^-- 
tions may^be adjusted to compensate for time pbteritially Ibst iri queues. 
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A closely related gap In the technical iiteratare concerns the predilection of 
most researchers to study pedestrian behavior in relation to some one isolated 
egress route element (e.g. doors). Indeed, the task of exiting a building may 
involve passing through numerous door ways^, as well as corridors, stairs, and 
lobbies, all of which are interrelated. When a queue foras at a door way, for 
example, It is not^merely flow through this door that is affected: Capacity 
of the preceding stair or corridor is being taxed as well. Future research 
must address the interdepen^enctes between adjacent egress^way elements, and 
provide guidelines for the design of effective transltidris between elements. 

Flow rate has ^teen the most ontversally accepted measure of the performance of 
means of egress. Considerable work remains, however, to develop a standard 
^^^^urement method. In the abse^^^^ gt^^^^rd^ it will continue to be ^ 

difficult to determine precisely why data from seemingly similar Inveitlgatlons 
of ten disagree. For example, Pauls and Fruln each found different variables 
to^ln^eract^wfth flow rate and^^w^^ Togawa found no such inteSction/ 

effects.^ Similarly, although Pauls and Fruin have both advocated an incorpora- 
tion of body sway and personal space maintenance behavior into computatibris / 
of flow capacity^ there remain neither standard measurbi nor rcplicable iodeis 
of these phenomena. .» — , / 

8.5 CdNCLUSIdNS ' / 

^ • ■ : /' 4 

8..5«1 Overview I * 

The primary objective of the investigation has been to assess available / 
fu^^'frf^? P^ftatning to exit facility design and imergency escape provisibns of 
the NFPA^Llfe Safety Code (1976 Edition), in order to determine the technical 
support for such prbvisiohs. The intentlbn of the aathora is not to pass 
judgment on the validity or usefulness bf Code provisions. Indeed, whXe 
technical support for individual provisions is either weak or unavailatle, the 
^uthors do not recommend eliminating or bthervrise iodifylng these pro^sibns. 
In-such instances, rather the aathors suggest that code-^wrlters approach their 
' caption, and that further technical invest igatibris be coridii|ted. 

Siri><H:antive conclusions about available technical support for Code prJbvtslons 
ad drawn by the current investigators, are summarized belbwl ' 

8.5.2 Provisions Affecting Pre-eraergency Training and Preparajlbn 

Behavioral assamptions underlying code provisions affecting prb-CTer|ency 
training and preparation may be.eyalaated by reference to paycholbgi|bati models 
of learning, experimental data reported in the psychological literadire , and 
the growing body of evidence frbm post-incident fire investigations J To date 
experimental and post-incident investtgatione provide mixed conclusions concern- 
ing the suppbrtability of theie assumptions. Moreover, available evidence dbei 
not often^permit direct inferences tb be drawn between research findings and 
the specific questions raised by code provisions. Future modifications to pro- 
vis ions affecting pre-emergehcy training appear to require additlbriil research 
on the Tol^e of training and Its relatibri tb emergency behavior. ^ 
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8.5.3 



Provisions Affecting Perception of the Emergency Envt^onmenc, and 
Recognition of Egress Facilities 



"5 ««uaptlorio about the perception of emergency 

«nvlr|nn,eats a^d recognition of egress facilities underlie varlpus provisions 
II «:»»«S£a«V iniese assumptlbhs were evaluated by reference to several models 
l^^^^^^^' ^^^^t^i i't^Jr^m experiments on visibility, and to a saall 
ivfll-vt^'J f"" *T P°"-i"«="«"«= investigations. Tak^n as a whole, 

b^hJs?^ "^^^^-^^^^^^^^^ behavioral aBSumptlons at,out bccu- 

tSoro^.r"^?"^r.'^"4''— * level technically sufficient to permit a 
thorough evaluation of pertinent Code provisions, t^he re data are Jvallable in 
UHdf tf^?"^ qaantlty. however it has been suggested that behavioral assumptions 
underlying alarm provisions of the Code tend not to be supported . the C64e 
provision specifying a maximum (10 second) switchover delinlt^^en S^a^d 

technic"? '^d^r.^'JnSai °" be supported bj ^^lllbie 

tlon^h?^ ^-ergeocy perceptions ate tSpbrtant, and their rela- 

le^f t; more ef? Jr^ Consequently, future research which 

rlcommendedr Perceptions of the fire environment by victims is 

8.5.4 ProvlilonS Affecting Egress Strategy Fbrmatlbn ; 

behavlbr ^^^'^f^l^^" processing and declsldnmafclng 

llf^rv r«3- f w "^^"^'^''^ '^"''^''"^ several provisions of the Life 

|ifetyode. Such assumptions were evaluated by reference to models^rcognl- - 
Itn^t f h K ; ''^] '^^°A^^^^rom recent piychologlcal research on Waf- 
J^C f^^^-^f • ^^^f"""***?*^ cue processing, disaster response, and stress. 

SseaJo^Ji'' "^^^ '^'hin the field of fire 

llct^^fr Taken as a whole, available technical .knowleSge is not suf- • 

litit, ^"""^^''t ^lf specifically supporting or refuting- Code pro- 

l^^.''''':'^ ''^y J^^^^^^K^Sress strategy formation. However .^tnt Ira ture 
feontfi t ^t"?!"? '^'^ °' occupying a burning building 

IJ^to fo^ f"'"'!^^ ''""P^*' information from fire environment. 

rh ''^5^?°'*''^ an^ tiSely decisions about what to do. Depending 

upon the design and layout of a building, and upon the nature of glyen ?tre 
^IthJn Shl^h'^^'^ "^^^ consume some sizable proportion of the time 

will frSaeJr^n^ ' ^" Judgment and decisionaaking 

ItTt* \ a"^^ even more time. A crucial gap in current knowleafe 

tl»e-baBed capabilities of building occupants to effect rapid , 
formftton " °" questions of emergency Information 4,roces sing and strategy 



8.5.5 



Provfsons Affecting. Disciplined Egress Behavior and Cr^d Movement 



about crowd moyiment and disciplined 
fllu»n?f " underlie selected provisions of the Cole. These 

behavior data from, research tn experimental ioclal psychology, field research 

^"^f^f*^*''^^"•^"^ post-incident fire Investigations. tn gSeral the 
iSr'^ 'r^^""^™'' only those assampt ons pKtsinirtg S 

leadership and direction-taking. behavior. Behavioral assumptions pertatritng to 
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9? occupant loading a^^^ physical bbsCacieo upon orderly anrt rapid 
crowd moyeraenc appear Co be neither supported Hbr refuted by available tethnl- 
CHl literature. To the extent that impediments to crowd aovemeiit result In 
maladapttwecollecclye^ behavior and panic, future resfearch on the role of 
building design in facilitating crowd movement seems an essential precursor to 
Code development. 

' * . o 

8.5.6 Provisions AccbSabdating Occupants * CBpabllltles to Safely and Rapidly 
Negotiate Egress Ways 



Human behavioral assumptions believed to underlie Code provisions relating to 
occupant's capabilities to safely and rapidly riegoTliTe means of egress may be 
evaluated by reference to blomechantcal models of hUman iovementj toxicblogical 
research stair and ramp use field studies, physiological m(>asuremehts and fl 
anecdotal evidence from actual fire Incidents. At present ^ much of the evid^M* 
reported In the experimental and nonexperiijental literature on occupants* ^ 
capabilities presents cbntradlctloni and mixed opinions, and does iiot permit 
specific conclusions or tnferepces to be drawn. As a result, there appears to 
be no analytical basis upon wfiich to ane«lalvocally support or refute applicable 
Code provisions. It Is left for future research to determine the specific 
domains (I.e. occupancies of fire senarlos), under which particular dati 
valid Slid useful Ih this context. 



ta are 



8.5.7 Provisions Governing the Capacity of Means of Egress 

Pioally, a number of hoaan behavioral, assUnlptlans underlying Code provisions 
which govern. the capacity of means of egress were presented. "Ttese assumptions 
we^re evilaitid by reference to severs! n«)dels of pedestrian Bovemtnt. data 

and field Btadtes of walking behavior during normal occupancy 
condition^ _and observations of stair use during fire exit drills In high-rise 
Office buildings. With regard tb^de pfcovlilons affecting the design of 

n^**"^"^ ittcratdg sfcrt only those asSuipt Ions concerning 
^e deleterious effects of particularly Severe ronetrtctlbns br bbstructlons . 
Howeye^, behavioral assumptions underlying provisions governing the design of 
corridors and stairs are challenged by the technical literature. This is 
especially true of provlslbhs depending op= the validity of aSsUmptloris and the 
^Inearlty^of pedestrian novement and the >;a2 Inch (0.56 55 unit width standard. 
Because there remain differences In reported data describing pedestrian behav- 
ior on stairs and level surfaces, Inconsistent definitions of Important vari- 
ables ^ and nonstandardlzed techniques for measuring the performance of means 
of egres?, It^ls not now possible to either support br refute ixlstlng proviS 
slons and tkelr underlying behavlbral assumptions on the basis of the available 
technical literature. The most lispdrtaht objectives for future research on 
the subject of^raeans of egress capacity are: (1) the development and validation 
of standardtze^ measures and Seaiurement methods, and (2) the systematic analy- 
sis of /complete egress systems emphasizing transltloni between means of egress 
eienetfCs. ; 
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APPENDIX B: INSTRUCTIONS TO REVIEWERS 

/ 

MEANS OF EGRESS BEHAVIORAL ASSUMPTIONS REVlisW PACKAGE: 
INTRODUCTION ^ . ' . ' ' 

Aim of the *St:udy 

To assess mesas joI*- egress provisions of the LIFE SAFETY CODE (1976 edition) , by 
evaluating th^'validity and pFius^bility of human behavioral assumptions 
believed to underlie these prbvlslbhs. 

/ • ( • - . 

Scope * 

The study addresses primarily means of egress provisions of the CODE, as veil 

^f^^^^'^ PFoy^sions cohcerhlh exit HrlllSi lighting, and signage, and 

CBtergency alarm. Under examination are provisions jjteom: Chapter 5 of the CODE 
(Means of Egress) | Chapter 8 ([Places of Assembly^! . Chapier 1 I\(Restd(5nclal 
^?HP??9^??)» ^*Pt?^ 12 (Mercantile Occupy Chapter 15 ^Business 

Occupancies), and Chapter 17 (Operating Features). 

Approach 

^^^^'^t means of egress provisions are Intended to achieve certain minimom 
levels of building;; ^n^ human performance during fire emergencies • Accordingly^ 
mAhy of these design provisions rest uppn a series of expectations, or assump- 
tions, abbiit the emergency egress behavior of building occupantsi tn numerous 
cases, these assumptions are based bii professional experlehcei analyses of 
egress problems » and research data. In many other trtstances, however, assump- 
^^9**?J*^9y?_l*l^*^- J^^Pablllt performance are not always obvious, and ijay 

not be consciously considered by code writers and building designers »^w^8 ^ V 
result i the applicatiph of some provisions may have the ef'fecc of acH^^ing on^ 
level pf performance in reality, while erohebusly intending to achieve "XnptherS 
level. • 

?^?H^_^9_^^§1^§5^ ^bhavlor^ assumptibhs belieVed to anderlicy 

particular provisions of the LIFE SAFETY CODE. To accbnpllsh this gbilfjr . 

(1) behavioral assumptions must be Idehtlfled and stated^ and 

(2) these assumptlbris must he evaluated agairt^^taliT^f-the-art knowledge 
from a variety of technical firtlds. ^s.*-^-^^ 

"^^^ "^f''^*^*'_P^^^?K?"_ ^8 Intended to assist the project staff In coiapletint; 
step (1:): the Identtf icatton and scatement of as^iimpt! )n6 about emergency 
egress behavlbr. *\ - 
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Built-in Biases 



The author's several years exparlence in Che study of hmMit behavior during 
fired may have resulted in biases which are unavoidably reflected in behavioral 
assumptlc^s listed in this package* 

: 

.HOW^O USE THIS PACKAGE 



Parpose 



T?*^_P^^P^f e -of the review package is to elicit ybiir bpihibhs about the 
^^carrjectness and completeness of a set of behavtoiral assumptions prepared by 

author. These assumptibnsnecessarily reflect only one interpretation of 
>'E pr6vlsbn8. Hence, the value this exercise depends a great deal upph 
quality of feedback it evokes £zom life safety professionals lik^ yourself ; 

erefore^ we invite and encccourage yoir to comment bri hiimaii behavioral 
assumptions WE believe underlie provisions of the tIFE SAFETY CODE, and to 
comment bh buir Ihteirpr thit docuineht* Moreover ^ any additional ideas 

and insights ^hlch you contribute regarding expect^tibhs about human bchavibr 
during- fires ^uld be highly useful and most %relir^ome* 




Please bear ^ 
upon the LtPg 

- l_ 

brg^anization: and Foi^t 



st^^the function of this exercise is NOT to pass Judgment 
&bE«ritsetf • 



The set of assumptions listed on the following pages is subdivided into 5 
general categories. These were chosen to represent principal areas -of human 
behavior believed to b^ relevant to emergency egr^s performance* The 
C;^tegorte8 are: 



Prc-emergericy preparatibh arid/br training* ; 

(2) ^J^^rceptton of the emergency environment, and recognition bf ^ 
__' egress facilities* • ' ♦ 

(3) Egrebs strltegy formatibh* - 

(4) Intttpcion of egress behavior* | 

(5) Follow-through and completion of egress behavior. \ 

within each category, means of egress provisions and their related H>ehavibral^^^ 
assumptions (as developed by the author) are listed as shown in the examples -on 
the fbllbwihg page* 



F* I* Stahl^ project principal investigator 
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Ihstructibhs 



Consider the examples on the foiiowlng page^ Then, please conunent opon 
assumptions shown next to each of the CODE provisions listed bh the remaining 
pages* Show any changes In word usage » ^j^riic tiire or grammar ybij feel wbiild 
make particular assumptions more compli^te or correct; Where you feel necessary 
don't hesitate to change entire assumptions or to add new ones. Please uce the 
backs of pages for any additional comenCs. , " 



- ' _ Z^- 

,A SAMPtE SET OF CODE PROVISIOlls, BEHAVIORAL ASSUMPTIOIiS, AND CpimT?... . 
Provisions fr Dili NFPA 101 (1976) 



^10*1 JL Aiixcn Lo niti Ihtlj bt imHted fcy warily ^Rfe Jfj^ ^ ^r*m 
where (he ait or w«> to rtxh ii is MfimmdMidy viiibk lo ^mmm, 

I tkroufh 16 for im^^viduil <K£upMciei. 



i6ilij« to Mnted end of tucj^ dtt^iK4iv|S7l0. «nd dEH^^Jd 
^ radi]^-ymbkYmJ4hiU pfov44jc coaimr i^ iiwhor 

unpti^ vnibiiiiy bf^h ciiit uirvihitihe permiitedTiior ihiii Um bt aoy 
^nj^thfijluffuiujed ii|7L (for other than^i pu^oiiS); dn^Uy;ia^ 
ifior near the iinc o(vukinta tbertqtiiitdajtii|nofsiichich^ 
10 ao <ktrKt iiiaxioo from the ait lipL 



assumptions, with ycur comments ^dv^oggestions 



rrtliibie li|ht tourcc rwi| t vilue of notjoi ihen 3 fooi-aadla^l^ 
liiufTUMtrfjiirfice.- Socilillumrfwiibfl ijiin be continuow isitouired 
under the proviworu of Scclwr J-B^ IUuminiiioo_(tf JAmmJX Emi. 
ftftd_*iiea-emeti«tjcy-iiifiijr.| Isaiiiin tft required ail tuni Mi\ be 
ulufTuniled from ihe mxtm wuret. 



j^erhead dlrectlcmAt Blini 

Mrtii} l iuiljlg chMSjtt) fidlci. 



Die pfifcnce of clearly vtiiblt 
llrttlV^hl and cjcl^ ptklnx slftni 
r^duceii xivisrali cp.reaA tiiM. 



€0^Jin$i\ ^ p¥i4>( ^4 ^fi f^^ A 



The tllu»lnation_gf directional and 
exit ttarklngilgna Inprovea their 
visibility and u0e# fi^pn U i iiiti 



fill e d ei mlLuiiiut i H: ^ 



Please cbiiiiiierit bri asauiiiptibns 
foiiowing pngca... 



next to CODE provislong listed on tht 
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